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Nikolai Dmitrievich Zelicszy. senlor professor at the M.V. Lomonosov Moscow State University, mero of 


higher, ranks of the essaters of world chemical science. 


organic, physical, and ino:zgaric chemistry, including pewoleum chemistry and the chemistry of artificial liquid 


" very progressive in ideas for che time in which she lived; Zelinsky retained fond memories of he: to the last days. 


. Zelinsky, as a student, caried o- his first sciemific investigation on the “Product of the Addition to Methylamine 


memories of my days at the Novorossiisky University”. 


“science -LM. Sechenov, K. A. Timiryazev, P. N. Lebedev, N A. Umov, and A.G. Stoletov hadan 


to Germany, where he worked under the great organic chemists of that time, J. Wislicenus (Leipzig) and Prof. 
: Victor Meyer (Gottingen), and then somewhat later, during his second visit abroad, under the Wilhelm 
_ Ostwald, one of the founders, after Lomonosov, of classical physical chemisry. . 


determined, to a great extent, the three important directions of his subsequent investigations. He began some 


THE MEMOZY OF ACADEMICIAN NIKOLAI DMITRIEVICH ZELINSKY 


The death oa jrly 31, 1953, at the age of of the eminent chemist 


Socialis Labor, recipient of three Stalin prizes, and holder of four Orders of Lenin and two orders of the Red 

. Banner of Labor. In the pessoa of Zelinsky Soviet science has lost a great organic chemist, founder of the science 
of hecezogeneous organic catalysis and of petroleum chemistry, inventor of the first universal charcoal gas'mask | 
inthe world, scientist of masifowd activities, and teacher ard trainer of several generations of chemists. 


Zelirsxy was the acthoz of about six hundred original scientific pepers and inventions in the fields of ; 


fuel. The investigations of Zelinsky and his school, tke largest in the USSR on the synthesis of hydrocarbons, 
organic catalysis, petrolecm chemistry, and protein chemistry, have occupies aad continue to occupy a nes 
poition in wald science. 


x D. Zelimky was born oa February 6 (New Style). 1862, in Tirzspol in the ccitigeil of Kherson (now 
Moldavian Avtonomow SS=}. At the age of two he lost his father, and a year and a half later his mother died 
also. He was brought up by bis maternal grandmother. M. P. Vasilyeva. a good, sympathetic, cultured woman, 


of his He received his ez:ty education from bis grandmotier. and ste p:ovided for his further education at 
the Rishelyevsky Gymmnas:um in Odessa, which he attended until] 1880. while sill a schoolboy, Zelinsky iistened 
embisiasticall ly to the lectz-es cf the eminent physiologist 1. M. Sechenov at che univessity. From the-gymnasium. . 
Zelim+y passed to the Netr-al Kistory Department of the Fhvsico-mathematical Faculty of the Novorossiisky 
Univers (Odessa). whics te until 1884. Hic chemistry teachers at the university were FF Klimenko, 
A A. Verigo, V. M. Pecriev, and P. G. Melikov (Melikishvili). i was under the direction of Melikov that 


_to B-Mecayiglycidic Acid*. which was published in 1884 in the Journal of the Russian Physicochemical: Society. 


with regatd to his firs teacher, P. G. Melikov, Zelinsky wrote with great warmth of feeling in 1950: “all 
“my Lfe i have been constan‘ly grateful to my teacher for the attention and cooperation that he gave to me over: 
a period of many years*; and also “The memory of this man, who was my first teacher, I preserve as the bent of. 


_ In biology Zelinsky’s teachers includéd the eminent Russian scientists A.O. (zoology). 
- Mechnikoy and and L (botany)... 


Personal and friendship with his and later with the of 


exceptional, favorable influence on the formation of the materialistic world-view of ND. Zelinsky, whose interests — 
in the futuse were to range over such a wide field of science, and who asa sesearch chemis was to enter into _-- 


Soon after completing his course at the Univesity. Zelinsky was sent asa 


“The investigational work carried out by the young Zelinsky under the direction of these gteat chemists - ie 7 ie 
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° +e S:gations, of great interest froin the goint of view of theory, on the chemical nature and isomerism of com- 
* pouads of the thiophene series and on the stereoisomerism of carboxylic acids, and these subsequently provided 
valcadie materia; for his Master's (1&9) and Doctor's (1291) theses. In Ostwald's laboratory Zelinsky began his 
. Oiigital investigat:oas in physical ‘chemistry and electrochemistry, and these had an important influence on his 
 beeguent classicai i lavestigations in organic chemistry and heterogeneous catalysis. 


£ is worhy of nae that Zelinsky. the ‘future inventor of the charcoal gas mask, while carrying out the syn- 
of the then unknown tetrahydrothiophene in Victor Meyer's laboratory at Giatingen, odta:red musard gas, 
(2-chloroethyl) sulfide, for the first time. and, not suspecting the toxicity of the irtesmeciate product 
nis syninesis, became the first victim of tris treacherous, ome substance; he had to tema:a ir the hospital 
fer a whole term with badly burned arms. 


Om to Odessa, Zelinsky immediately to build up his investigational school, to- 
getrer nis first students aad collaborators, among wrom we may note A. A. Bychikhin (lace: profes.or at the 
“Nevorowiisky Univesity), A. M. bezredxa (later deputy Cireczor of the Pasteur Institute in Saris}. S G. Krapivin 

| (later secoad professor at Moscow State University), and A. G. Doroshevsky (later first privatdocent at Moscow 
‘State University). =n the Odessa period of bis activities the main attention of Zelinsky and his students was 
cezcentzated on the synthesis of many di- and tri- subzitued succinic, glutaric, adipic, and pimelic acids. and - 
4730 of some substituted dibasic hydzoxy acids, and the investigatior of the stereoisomerism phesomena exhibited 
Dy trese substances Stereochemustry was then a completely new branch of organic chemistry, aad here in Russia 
Zelicsey was one of the first bold investigators and exponeats in this fruitful field of ideas. Zelinsxy's investi- 
gatos on :somerism in the thiophene sesies ard the stereoisomerism of dibasic aliphatic’ acids made a sub- 
stavtial contribuzioa to the developmet of A. M. Bitlerov" s Theory of Chemical Structure, the secure material- 
ustiz Sasiz of orgar.ic chemistry. 


31 tre tecommendation of D. !. Mesdeleev, N. D. Zelinsky was invited in the summer of 1893 to take up 
tn2 teat of evtracrdinary professor at Moscow University in the department of analytical and o:garie chemistry, 
ae “2m that time, and for the remainder of his life (nearly sixty years), Zelinsky carried out excemionally val- 
watie -cientific, pedagogic, administrative, and social wozk within the walls of the university, as well as in the, 
ac sremy of Serpe ef the USSR, to which ke was elected a: = Active Member in 1929. 


Moscow University, Zelin isky attemiion gradualty passed over to a new, wide, and important fictd, 

- tre chemistry of alicyclic hydrocarbons. or wheses. Before this time rematkable investigat:ow had been made 
ot Fo:ta in this direction by such einisent chemis:s as F. R. Wreden, F. F. Beilstein, D. 1 Meadeleev, and V. V. 
Mzrroenkew Zelinsky. however, in this field also made a path for himself, pridging over from the dibasic carbox- 
it acud: of the al:patic series that he had studied so thoroughly to the alicyclic systems. This dridging over 
wai because of the perfection and development by Zelinsky of Wislicenus* of 


_ inthe period ‘fom 1834: to 1911 Zelinsky with kis s students and coworkers synthesized and iseieiil more 
tran tydroca:bons of the cyclopentane and cyclohexane series. Many of them, and many of those synthesized 
iater :n the detailed investigations made by Zelinsky into the chemica! nature of Soviet Petroleum, have served as 
. saluadle standards in the establishing of the composition of narrow gasoline fractions. It should be noted that also 
tn this sew field of work much attention was given to the stereochemical side of the study of cyclic a 


vs _ 2a following investigations belong to this first period of Zelinsky’ $ activitics at Moscow University: the 
~. . femareadle work on the pytogenetic decomposition of peucleum; the beginning of the classical investigations on 
e.ecz.ve dehydrogenational catalysis. which was discovered by Zelinsky; the development of a simple method for 
péepazation of a-amino acids and their esters; the of extensive investigations oa the catalytic hydro- 
of proveins and a series of original physicochemical investigations. 


ae -% @B Zelinsky. appreciating the high value of work by A.A. Letny on the asia of pets? eum which had 

es “pimmeraed unnoticed, made a deeper study of the thermal decomposition of petroleum distillates, 22d by his direct oe 
- ., Bastacipation in large-scale trials rendered great scientific and practical service in the development of the pytoly- .. 2 
- Sis sadustsy in Russia. Already in 1901 Zelinsky gave his suppor to the technologist Nikiforov and helped the latter p 

"0 s€atize nis project of petroleum pyrolysis at high pressure, as he was engaged in a study of the thermal decom- 

pos:t:0n of pevoleym, he joined with in the first variant of the modero thermal of { 


‘The field of Zelinsky on is and the results are 
imporcant and varied in character that we must confine ourselves to a citation of a few of the most brilliant ex- 
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amples, in which Zelinsky's creative talents are inost clearly manifest.’ Thus, already in 1905, Zelinday watt fs 
student I. Pappe effected for the first time the conversion of a cyclopentane ring into a cyclonexane ring by contact 
catalysis, the example investigated being the conversion of ethylcyclopentane into methylcyclorevane and toluene 
in presence of aluminum bromide and bromine. Later, in Zelinsky's laboratories in Moscow State .niversity and | 
the Academy of Science of the USSR, on the basis of this important discovery, the equ:lib:ium reaction of erlarge- 
ment of a five-membered ting was considerably improved by the use of alumir.um crlorde ana determination 

of the optimum conditions. - It was established by the detailed investigations of Zelinsky and nis 
students that the content of cyclohexanes in petroleum: distillates conte be wriasenn by 15 laced with tre aid of 
this reaction. 


In 1911 N D. Zelinsky the now stloitive Catalytic de*drogenation of cyclorexanes 
and their functional derivatives in presence of platinum or palladium black at 369°. Tris remarkable reaction re- 
ceived further study in the later investigations of Zelinsky, working with numerous -tudents and coworker:. In hts 
work with G. S. Pavlov and A A. balandin, the kinetics of der ydrogenational Catalysis were studied, ard = sub- 
ject was developed in detail in later investigations of A. A Salandin, working A. M: Rubin.htein, N. 
kin, and Yu. K. Yuryev. Mainly on the basis of this extensive scence | = * Selsatia & has created his vel known 
mugen theory of dehydrogenational catalysis. 


‘To the same year, 1911, belongs the discovery made by | N. D. Zelinsky and N L. Ghaka ae 1€ very inter- 
esting reaction of hydrogen redistribution in cyclokexenes and cyclohexadienes under the catalytic action of finely 
dispersed palladium or platinum, is which tne corresponding cyclohexares and aromatic hydrocarbons are formed. 
This conversion of labile forms to stable forms 1s irreversible, and for this reason Zelinsky described the phenomenon - 
that he had discovered as irreversible catalysis. Late1, these investigations were cortir.ued by Zeliasky in con- 
‘Junction with B. A. Kazansky acd PR. ‘ia. Levina, and they developed the irreversibie of along 
lines pec uliar to this phenomenon. . 


In tnis period Zelinsky’ s school grew ails. always exhibiting enctstinidl concern, for the growth and train- 
ing of researchteams. The names of the many talented students of N D. Zelinsky speak for tremselves; they in- 
cluded the well-known chemist: A. N. Reformatsky, V- ¥. Rudevich, N. A. Snulov, L. A. Chugaev, a G. Generozov, 
S. N. Naumov, N. A. Roz anov, A. Tselikov, D. Aleksandrov, F. Gutt, S. Siamethin, F. Mozer, F. F 
Lebedev, V. V Chelintsev. E. S. rrzhevaisky. A. V. Rakovsky, A. N. Lebedev, G. L Stedrikov, “. A. .zgaryshev,- 
N. A Shlezinger, A. Gorsky, I V. ¥ulikov, aA 1 Amnenkov, A. =. Uspensky, V. P. Ksavets, E. M. 5erkengeim, V. V 
Longinov, N. L.Glinka, and N. i Crervyakov. Many of them “tie occupied and continue to occupy important 
positions in the universities and Lave, in their turn, cieated their own original directicas in science and their own 
schools of talented students. Some cf Zelinsky’s students, such as L. A. Cnugaev and N. A. Shilov, wno later be- 
came eminent scientists and took up high university appointments, in addition to tir researcr woik pertormed 
also the duties of lecture assistants to them teacher in talented fashion. : 


“In 1911, in connection with the intensified repression by the Tsarist government of progress:ve abeniiea 
teachers and students, N D. Zelinsky decided to leave Moscow University. By a decree i:sued by one of tne most 
reactionary satraps of the Imperial government, the Minister of Education L. A. Kasso, the whole presidium of 
Moscow University, which consisted of the progressive professors A. A. Manuilov, M A. Menzbir, and P. A. Mina: 
kov, was dismissed. As a sign of protes Zelinsky and a large group of professors and teachers resigned. he then 
moved to St. Petersburg, where he took up the post of director of the Cental Laboratory of the Miristry of Finances 
and head of the commercial department in the Economics Faculty of the Polytechnical Institute, 


In St. Petersburg, Zelinsky, in spite of his bitter experiences in connection with fexving the most important 
- Chair in the oldest university in Russia and becoming separated from his large team of students, resumed his 
scientific investigations with his form-r vigor and persistence It was at this period that he carried out his ex- 
- tensive and original investigatiors in conjunction with V. S$. Sadikov on the hydrolysis of proteins under press- 
ure and began his work on the condensation of acetylene to benzene and its homologs in presence of active char- 
- coal; in particular it was at this period that he made-his unforgettable investigations on the properties of active 
charcoal and its use as a universal means of protection from toxic substances. Here also we must mention 
Zelinsky’s remarkable investigations on the cracking of petroleum hydrocarbons in the presence of natural (al- ; ae 
uminosilicates) and synthetic oxide catalysts, which thus anticipated Houdry's invention by more than 20 yean. 3 
_ Already in 1915 Zelinsky, on the basis of laboratory and pilot-plant experiments, pointed out, for the finttime oe. 
in the history of petroleum science, the effectiveness of aluminosilicates ‘and oxide catalysis in the cracking of 
hydrocarbons. 


During the firs world war Zelinsky extended his mvlitening on the catalytic cracking and pyrolysis of 
pencioum an, and he helped in the creation of a Russian toluene industry Guided by his theoretical con-— 


‘ 
gy. 
ES 
. 
- 
- 
: 


capers investigations and moved by feelings of deep patilotism and love of the Fatherland, N. D. 
Zelinsky, at the hesgnt. of the first world was, invented the first universal charcoal gas mask in the world; it saved 
tne ves of hz indzeds of thousands of Russian soldiers on the battlefield. 


agains: the French, and later the Russian, arntes. Zelinsky temporarily abandoned all his other investigations and, 
with his characteristic enesgy and zeal, set about developing a reliable means of protection. The idca of using ac- 


nis thorough expesimercal investigations on the absorption of gases ard vapors by highly porous substances. 


After thoroug2 ‘als on himself personally, with the participation of his faithful laboratory assistant 
Stepanov (who worked aad in hand with him for a total of fifty years), and after the delays that were inevitable at 
tnat tme in Prince O:denSurg's department, Zelinsky's gas absorber fitted to a rubber mask designed by the engineer 


tne Russian amy: 


In hus work on the devising ‘of the gas mask, Zelinsky help not from Stenanov 


sa:d, “I snvenzed, it co: fo: attack, but for the protection of young lives from suffering and death”. 


. in 1927, $ hostly aftez tne overtizow of the autocracy, Zelinsky found it possible to return to }: is dette in Mos- 
cOw Univesity. Ae: the victory of the Great October Socialist Revolution, Zelinsky’s second Moscow period of 
sciestifiz teaching, 2x4 social activites began, and it continued to the erd of dis Jong, full, exemplary life. This 
briliiant peziod, which tasted more than one-third of a century, was the most fruitful of all —so full of trilliant 
vestigations that i is zie impossible to weat them in a short memorial sketch. : 


The ‘Commeznss: Party of the Soviet Union and the Soviet government, with the ‘isin giants Lenin ond 
Stalin at theiz head, Lave created all the necessary conditions for the blossoming forth of true science, having paid 
special attention to the -équicements of scientific workers. And under these conditions the remarkable talent of 
\ D Zelinszy nas developed inits full strengtr. in unison with the varied manifestations of the majestic creative 
_. forces of the nightly gifted Fussian people, which are directed toward the creation of a bright future for the whole 


Having resumed bis scientific and teaching activities zt Moscow State University with particular vigor, 
N D. Zelinsky did soc imesrupt them even at the most difficult periods of the civil! war and Argio-American in- 
terventica - Along with Sim, in the cold haif-illuminated laboratories, his faithful assistant S. S$. Stepanov and the 
tudent: ef seccad Moscow period, 5. A sazansky and B. V. Maksorv, worked unseifishly, and tney were 
~00n jo:ned Sy a of students of the revivified Moscow State University, including among others, 
‘AN. Nesmeyancy. K. A. Kocheshkov, M.-L Ushakov, and G. S. Pavlov. 


When the inte:veationiss seized the Caucasian oll fields and Soviet was deprived of sup- 

plies, Zelinsky, on. che dasis of his researches on the cracking of hydrocarbons in presence of aluminum chloride, 
proposed, and quickly zealized In practice, a new method of manufacturing gasoline from the large stocks of pe- ~ 
troleum residues ard sola: cil that were then to be found in the central provinces. This method for the manu- 
faczure of aviation fzei sendezed extremely valuable service to the young heroic Red Army. Again N. D. Zelinsky 

stowed himself to be 2 fe-venr patriot of his row already socialist Fatherland. Shortly after this, by his work on. 

the pyrolytic preparatica of benzene from petroleum, Zelinsky made a valuable cont ibution to the — dye 
industry that was then coming into being in our country. - . 


Iz is natusal that Zelinsky first of all resumed his long-standing on the 
of hyd:oc asbons and on petroleum chemistry, developing these in close association with his further work on the syn- BS 


thes:s Of more compiex cycloalkanes, In addition to difficuhly accessible monocyclic hydrocarbons, Zelinsky syn- 
thesized and carefully cha-acterized many interesting bi- and tri- cyclic substances, and also condensed systems. 


Eg ie “Zeiinsky continued to devote much attention to the synthesis and heterogeneous - catalysis reactions of Urde 
‘~ known. hydzoc arbons kaving spiran structures, which are very interesting from the stereochemical point of view. To- 


. gether with N I Shuikin and N. V. Elagina, he synthesized a number of spiroalkanes and made a detailed study of = 


thei: properties and :eactions under various conditions. Together with A. E. Uspensky, K. A. Kocheshkov, M. 1. 
B.A. and A. F. he accessible bridged systems, 


“With great ieedeienis and eiienein, Zelinsky, with the aid of numerous students and coworkers, wae 
gated the chemical nature and composition of distillates the of almost all the important 


In the spring of 2975, as soon as the news arrived of the despicable use ~ the Kaiser's anita of poison gas eg 


tive chazcoal for the adso-piion of poisonous substances (chlorine, phosgene, mustard gas, cic.) arose as the result of | 


Kumant received the apzroval of the and was adopted in February 1916 for tre of 


-maat, dut aiso from his colleague Prof. V. S. Sadikov. .With justifiable pride, in discussing the gas mask, Zelinsky 
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ail fields SSR, ly the aicat an fieid: aerated and carefal wor determined tre nature of 

the various reterogencous cCatalys:s reactions of cyclic sdrocarbons occurtifg it, tne gasalire- ligroin fractions, 
‘developed rew methods for the catalytic treatmect of setroleum, and obtained new material of the 

theory of the organic origin of petroleum. . 


in treir work on ihe catal,t de> ,droger, 9° gasoline ‘ractiors, Zeliesey acd 3 Stein already 
an 1932 made the evtremely imyportast ob-e" -e'for aromat atbors ete in of a nickel 
ized alumina catalyst at somewhat abs.e 309 a: a re.ult of tre smoorr der of cyclonexanes, 
but also at the expense of b.ydrocarbons of ot<er clase, Toget=e: = A and Plate in 19%, 
Zelinvy discovered the very int«retirg ieactio- of te operizg of a five membered cycle by méars of -ydrogen in 
presence of platinized charcoal at 300 ‘310°, i. € tre of a five alicyclic $ystem in 


_ up te same year D Zelinsky ard Sruisin «perimentatly ‘on te firs time “existence of . 
free yiene radicals under the cord:tions of met- eliminetioc from cycloné sane 13 Contact wits a nickelized 
alumina catalys at 330~-350". it wa: thus own tat free radicals ca” arise by tre breasdoen of af, organic 

stance in presence of a highly active catalyst, e-en at such comparatively low tempetatures as 269-350. 


Together with a team of students ard coworrers, Zelinsky kas developed, ard ictroduced ico indus sstrial prac- 
tice, ar: crigizal method for the preparation of toluene avd q-ality aviation fuels fom teum onthe basis 
of firtner improvements in the met~od that ne discovered in tre couse of tre A. 
velopmect of tris new Soviet process the scientific principles on er.icn the theory practice of vse of ragnly 
active ard <table metal cataly:t: of platinum gioup ale ba.<d rave been greatly all has been 
necentl, broug-t into wide ue inthe S.n under rame of platforming proce.s, w-ict ra: been loudly pro- 

claimed as the achievement of American scienti-:s +aensel and eas begun ard comp plered 1D the tra~ 


. Severai years before the first “sensational’ Amez:can publicat:oris 1949, process, under the of 

Ore tials of word: meaning “deep mig of ga-oline.") » “was developed by *- D*~Zeli-svy + students 

the wet tute of Organic Cnemistry of tre .SSR academy 9° Scien use being made of alimina alumino 
dlicate conta -:ning small amounts of piati-um, and also of ox:de palisdium and 


AS attacted great ‘importance to the yse of modern ph ides methods by research chemixs, x D. Zelinsky, 
academicians E A. Kazansky ard ~. S. Land-berg, introduced the attering 
method (i e Raman method — Publisher 3 fo: tre ceta:led investigation of gasolines, and thi-, in con:unction with 
Ger ydroge- zt :onal- Catal ysi-, chromatograpric and precis¢ rectification, ga-e ratuabie siemilic and 
practice) re: uh: it tre quantitative analysis of = = arbon 


Wwe canfot leave the excellera investigations of D Zelinsky on “hydrogenationa!-c atal ysis wittour men- 
ton he developed methods for the vapor pr-ase under no:mal pressure not only of ylenic bonds, 
but a'so of the more stable bonds in benzere, pyridine, and pyrrole nuclei. “e used finely disper-ed Palladium 
and platizum deposited on active chatcoai or asbestos, and so proved the incorrectness of © Sabatier's assertion 
that plati*.um and palladium are unsuitable for hydzogenations in a continuous flow Zelinsxy discovered - 

_ still anotrer catalyst of the platinum group cavirg roraole nydrogeaation properties, ramely o:mium: he was the 

- fisst to effect, with the aid of finely dispersed osmium, tre delicate reaction of tre smoot kydroge=ation of the 
furan nuctess “=e carried out the vapor-prase ycrogenation of 2 methylfuran (sylvan) to tetzah 2 methyl - 
furan. a reaction that served as the Aaging poirt for tre development of an accessible metnod for te 


Exceptional interest is by the of Zelincky and ris on the 
‘chemistry proteins and of their component amino acids first as a studert was abeady directly 


- 


these investigat ions Zelinsky anew ‘simplified ‘onal the of a-amiro by 

“the action of an aqueous solution of ammozium chlo: ide end potassium cyanide on aldet-ydes and ketones . by 
this cyanhydrin method a whole series of comple» ft ydroxy-amino acids were obtained, and their role in the. 

-buikng of protein molecules constantly engaged Zelirskys attention His cyanhydrin met:.od now a classical 

one for the ——- of a ‘amino acids, and ft R hes passed in this form into textbooks and handbooks througnout 


‘The problem of the structure of protein the subject of clove attention more tran a century.. 
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Sighest degree that feeling for the new which is the powerful prime mover in progress. Foreseeing the great impor 


important investigations of N. D Zeifusky. We should like to discuss his criginal work on the origin of petroleum, 


- owde and nydrogen, his promising researches on the catalytic condensation of acetylene to aromatic hydrocarbons, 


We mus tefer also to Zelinsky’ inventigitiens in biochemistry: his remarkable on the elucidation 
_ past.that he played in the 1891 expedition on the gunboat "Zaporozhets"; his investigations on the chemical nature 


in close association and collaboration with his numerous sudems whem trained” 
tat the best traditions of foremost Russian science. 


tome! enable ons “of Zellasky and his talented tearns of students and coworkers, omens whom we 
May make pax:culas mention of V. S. Sadikov, N. 1. Gavrilov, N. A. Shlezinger, E. F. Dengin, 1. V. Kullkov, A. L 


Atnenkov, A. B. Silacv, M. A, Prokofyev, and M. M. Botvinnik, have made an exceptionally valuable contribution 
-to tne study of protein structure. Zelinsky approached this field for the first time with the criteria and procedures 


affonied by new methods of synthesis and catalysis, and by his investigations he brought about a real revolution. *- 


“gy che application of his original methed of inigh-pressure hydrolysis to the study of protein molecules, he snowed — 


rat in most cases the primary hydrotysis products of proteins formed in presence of atime acids and alkalis as 
va cysts were 2 compounds, : 


On the basis ‘of ris investigations over many years (they were begun in St Fete'spurg in 1912? on a tighaenen 


ee nydrolysis, . Zeiinsky, in coajunction with V. S. Sadikov, worked out a theory cf the cyclic structure of protein mole- - ; 


cues. In subsequent investigations with N. Gavrilov and others, ke unified nis piperazinedione theory wath E. 
Fischer polypeptide theozy, ands so solved one of the most con tte. micto- 
se of protein. : 


‘Tre sesearch activities of N Zelinsky form. a brilliant of innovat:on in he the 


tance that radioactive radiations would have in scientific investigation and in Practica! applications of the highest 
importance to the state, Zelinsky, already in 1922, studied the effects of radium radiation on cyclohexene. The re- 

zults of thi: work were communicated by Zelinsky to the thind Mendeleev Corgzas on Pure and Applied Chemistry - 
unde: the titie “Decomposi:! fon of Hyd voc arbons by the Energy of Radiation from Radiuin®. 


Zelinsky was a pioneer in the USSR in the study of various reactions at very high presstires (higher than 1000— - 
2600 atm), and in 1939 he, together with L. F. Vereshchagin, established the Super-hign Pressure Laboratory in the 
institute of Organic Chemistry cf the USSR Academy of Sciences. At the present time the reactions of a great var- 


fety of organic substances are being studied in this laboratory over a wide range of pressures (3000 —50, ,000 atm). 


. In a short memorial sketch it is impossible to discuss, even schematically, the results of the extensive and 
<s cemackabie investigations with Ya. T. Eidus on the catalytic synthesis of astificial liquid fuel from carbon mon- 


and the extremely intezesting, though for some reason not very weli-known, work on the synthesis of naphthenic pt: 
acia: ard the study of their chemical nature. It would be desirable to describe Zelinsky's investigations-over many 
yegrs on the conditions for the synthesis of ketones of the cyclohexane and cyciopentane series (reactions Sormaily 
aralogous to the Friedel Crafts reaction in the aromatic series), which were carried out by him in conjunction 
wiinE S. Przhevalsky. S$. S ‘Nametkin. L F. Gutt, B: M. Berkengeismn, and, paxticularly, E. M. Tarasova. One would 


- .ave to de-cride Zelinsky s investigations on the @atalytic synthesis of chlozoprene, work on the catalytic desulfur- 


ization of petro‘eum and shale distillates, on the chemical nature of distillates from sapropelite tar, on the de- 
pacafé:nation of petroleum. on the gasolinization of petroleum, on the development of interesting syntheses of di- 
meéthylindigo, of pheno! from chlorobenzene, acetone and anhydride = the catalytic 


It would be important to note also Zelinsky" s investigations on the of of 
g:oup (with M. I. Ushakov), the remarkable syntheses of branched carboxylic acids of the aliphatic ~alicyclic a 
ies Taving an antitubercular bacteriostatic (with L. S. new for fats in an 


the: causes.of hydzogen sulfide fermentation in deep zones of the Black Sea, which ts associated with the leading» 


of the organizer responsible for the of limbs on the axolotl; and other very investi- © 


“The list of N.D. Zelinsky’ Important coul be continued further without any 


extensive to science, whole this great scientific font: N. D. 


In the course of his purposeful scientific research work | N. D. -Relnaky created the greatest school of organic | 
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engineers, physicists, chemists, biologists, bacteriologists, medical men, mineralogists, geologists, and even astrono- 


‘themselves elements of the structure of the universe". 


Up to the very last days of his life N. D. Zelinsky was closely associated with his students: Academictans 
A. N. Nesmeyanov, B. A. Kazansky, A. A. Balandin, Corr. -member K. A. Kocheshkov, Doctors of Cheinical Sciences _ 
Yu. A. Arbuzov, P. P. Borisov, B. M. Berkengeim, N. I. Gavrilov, G. D. Galpern, Ya. 1. Denisenko, K. P. Lavrovsky, 
R. Ya, Levina, Yu. G. Mamedaliev, S. S. Novikov, G. S. Paviov, A. F. Plate, S. R. Sergienke, M. 8. Turova-Polyak, 
N. 1. Shuikin, Ya. T. Eidus, Yu. K. Yuryev, Doctor of Physicomathematical Sciences L. F. Vereshchagin, Candidates 
of Chemical Sciences L S$. Bondar, M. M. Botvinnik, G. R. Gasan-Zade, N. V. Elagina, P. G. tvanov, E. 1. Margolis, 
G. M. Matukyan, D. A. Morozova, I. A. Musaev, N. A. Poddubnaya, M. A. Prokofyev, S. E, Rank, A. 8. Silaev, E. M. 
Tarasova, A. N. Titova, I. 1. Tits-Skvortsova, S. I. Khromov, E. F. Tsintsevich, E. M. Shankhazarova, M. V. Yushke- 
vich-Gaverdovskaya, M. S. Eventova, and many others. The list of seudents and coworkers with which N. D. Zelinsky 
has published scientific papers contains more than 150 people. 


Apart from his students and coworkers, Zelinsky always nad many friends and admirers among eminent men of 
science and ar. 


' Zelinsky was ‘always a convinced supporter of well-ha:monized team ‘ond in scientific work. peers in 1922 
in his concluding address at the close of the third Mendeleev Congress ke said: “ The most important and fundament- 
al problems with respect to cur concepts of nature require joint investigations for their solution; mahematicians . 


mers must take part, for the microcosm of chemical molecules and the structure of atoms are bound to ae in 


‘In the Soviet Union it would be difficult to find a higher chemical teaching ciabttnae. a research insti- 


tute, or a large chemical plam in which no student of Arecouitivs Zelinsky or of his students or coworkers was to 
be found . 


As a true patriot of his great Fatherland, N. D. Zelinsky always carried out much responsible social work. It 
may be said without exaggeration that in the rarks of the olde: generation of scientists Zelinsky was one of the most 
emunent social wo:kers, Carrying on the best traditions of our progressive Russian intelligentsia. 


Already under the reactionary political conditions of the Trarist regime, N. D. Zelinsky was a progressive uni- 
versity worker. As an advocate of higher education fo: womer, he organized at the end of the nineties an organic 
chemistry denarrmem in connection with the highe: c owses for women that were then starting in Moscow, and he 


was the fira director of the department. He took an active part in the organization of the Shanyavsky People’ s 
University in Moscow. : 3 


From 1893 onward, N. D. Zelinsky took an active part in the work of the Moscow Society of Investigators of 
“ature, the oldest such society in the country. and fiom 1935 to thc end of his life he was president of this society. 


in 1921 he was elected an honorary member of this society. 4 
From the nineties of the last century neue Zelinsky jo: nel | in the activities of the Society of Amateurs in 
Natural Science, Anthropology, and Ethnography, the Kh. S. Ledeatsov Society for the Encowagement of Progress 


in Experimental Science and its Practical Application, and particulaily the Russian Physicochemical Society. 


From 1934 until his death he took a leading part in the D. 1. Mendeleev All-Union Chemicai Society. which 1s the 


successor to the Russian Puysicochemicad Society. Here also hereted rightly earned the title of honorary member 


_ . of the Society. 


Even in his years, N. D. 4 did not his sclettific, and social work. A 
fervent patriot of ow great Fatherland, he responded quicklyand directly to all the social and political events of 
ow time, actively participating in the struggle of progressive humanity for peace. As early as August, 1950, he 


_ wrote in the journal "Technology for Young People”: °i wish to add my voice to those of hundreds of millions of 


honorable people on our planet who understand that it is not sufficient simply to wish for peace, and that It is. 
necessaty actively and passionately to struggle for peace and tranquillity on the earth”. He wrote further: “We 
sciemists Cannot remain to one side and watch in indifference how the barbarians of the twentieth century are | 
preparing to set a new worldwide conflagration going and to strew the cities of the world with atom and other 


_ _ bombs in order to achieve their mad and fantastic purpose of woild domination". 


N. D. Zelinsky was an exemplary man and citizen, who provided an example of the very highest, truly 
socialist productivity of labor, worthy of imitation in every way. Throughout the whole of his long life he con- 
fidertly moved on toward the summits of his favorite science, and to the end he devoted his science to 0 the 
service of his great people and to the a task of constructing a communist society. 
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Together with the chemical society of our flourishing Fatherland we bow with feelings of the deepest respect” a 
- memory of the eminent Soviet chemist Academician Nikolai Dmitrievich Zelinsky. 
. > 
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(an celebiation of the 125th anrcversary of bists) 


September 6, -1953, saw the completion of 125 years since tre bint of the great Russ.an chemist Aleksandr 
Mikhailovich Butlerov, one of the founders of mode'n organic chemitt:y and author of the theory of the chemical - 
structure of organic compounds, wt.:ch fo: moie thar: ninety year: has served, and still contnues to serve, as the 


basis of all theoretical and experimental inestigatiors in chemist-y. 


A M ‘Butlerov was born on August 25 (September: 6 6, New Style), 1828, 1s Ch:stopol in a iad of Kazan, 
and he spent his childhcod on his father's estate. In 1844 he left the Fist azar. Gymnasium and began to attend 
lectures at the Depa:tment of Physics and Mathematics of the Faculty of F:ilosophy at Kazan University. He was 
not accepted as a stucent of the university until the next year, wren Se attained the age of seventeen. At the uni- 
versity Butlerov took a gieat interest in the natural sciences biology and chemistry sing interest in biology was re~- 
flected in his choice of sub;ect for ris candidates thesis: ° Sutte:fles of tre Volga ~Ural Fauna*. His inteiest in 


chem:zstry developed 1n hi_ tudent years stile working in the chemical labo-atory unde: Frofessors N. N Zunin 


and K. K, Klaus) On completing his course at the university, utlezov, at the request of the university council, gave 
— in chemistry, p%ysics, and physical gedgraphy to students of various faculties. 


1851 Butlezov defended nus Master's thesis on the theme ‘The O-:dation of Compounds", and in 
1854 he defended hie Docto:’s thesis, which was entitled “E:ter Oils*. On Seprember 25 he was elected by the 
council as ext aordinazy p-ofessor of chemastry, and from trat time until 1869, when he went to St. his 


scientific and teach ung activities were associated with Kazaa Suversity 


theses ace of nature of reviews or and be did publish chen. ‘His fest ex- 
perimental investigations, wrich were not unified by any common corcept, were published during 1852 ~1857, 
and his fust public d_seussica of 4 t*eoretical question occured at Paris in 1858, when he read a paper, which has 
not been published, tothe Pais Chemical Society on te constitution of substances. Some of the materia] con- 
ta.ned in this pape: was wcovporated in Sutlerov s atticle enttled Observations on A Couper's New Cremical 
Treory” -in this article te develops ideas concern:ng catbor: mechan:cal*; types or “types of molecular struc- 


twe . and he points out trat “the tume bas come fox us to go frtz.er than Gerraidt“. a 


While ab:oad :n 1857 ~1858, Eutlerov ‘began a series of invest: gat:ons on methylene derivatives, which were 
continued furtzer over a cumbe: of y‘ars at Kazan and St. Fetersb.cg He prepared methyleneiodide (and later, 
the bromide azd chloride), and from this the diacetic ester of metr:ylene giycol. which, however, did not give 
methylene glycol it:elf wen hydrolyzed. An attempt to prepare the onalic ester led to the isolation of a polymer 
of formaldehyde, wrick Sutlerov called “dioxymethylene’. B. tise action of zmmoma on this substance, hexa- 
methylenetetramine was prepared for the first tume, and by the action of lime wate: a sugarlike substance 
‘methylenitan’. in this way the first laboratory synthesis of a cabohydrate was performed The attemps made 


-an the course of these investigations to isolate methylene in the one state were not ‘successful: ethylene and its 
homelogs were always formed. 


‘In 1858, A. M. Butlerov was elected professor of and at the beginning of 
1860 he was appointed rector He occupied this post for three years, and it was swith great ome that he 
managed to free himself from his heavy administrative duties, 


In 1861 Butlerov set off on his second foreign mission, and at the ‘Thiny siuth German 
sicians and Naturalists he read a paper on ‘The Chemical Structure of Substances”, in'whrch he: stated the basic 
of the theory of suucture. 


In the fifties and early sixties of the last century, chemiusuy sound uself, as expound 


* awkward situation”, because the chemical theory then in existence could not satisfacto:iy interpret and unify the. 


huge quantity.of facts that had accum ulated. Gerhardt‘s theory of types no longer: satisfied chemists, because 1 
was unable to explain a large number of addition reactions that had become known at that time and it peimuitted 
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of fo:mu:as for a given sybstance indicating the directions in which the sudstance must de- 
etes entering into vatious metathetie reactions. Also, most chemists acknowledged the concept of “con- 
wt.c2° of chemical compounds, wh:ck they understood, followirg Gerhardt, as the “true arrangement of the atoms 
2 the molecuie*. For the determination. however, of ths “true”, f.e. spatial, arrangement of the atoms, the nec- 
teary Tents of tigation did ra in the of that time, and for this reason many regarded such a 
sot as te in principle. Tni rad become tre source of doubts ig the possibility of formingsourd theo- 
tet cal sees chemisry, and of a tendency to and ceturn to Ceipuics) formulas. Kekulé wrote is the 
of textbocs: we cancet even speak of true theory: all so-called theoretical considera- 
are on probability and expediency.” tn 1221 be announced that he would give up th ve we formulas 


ste ard crchangeable propesty of elements, could serve as a basi: for tie creation of 
of chemiszy. in o:dez to sv0:d superfl co-s kypothetical concepts, he proposed to set ase the Lypo- 
jac it time) “phys:cal® atoms ("<ltimate particles of elements") and operate with chemical 
exich he understood the smallest amouct of e:ement that could enter into the composition of tne mol- 
of 2 coccplex substance. Contrasicg the mechznica! actranging of atoms in a molecule with the concept of 
xrocture, A. ML Butlerow deficed the latter 2s fotiows in his paper: “On the basis of the concept that every 
‘¢nemir2l sco entering imo the composzion of a bedy ta%2s part in the formation of the latter, acting there with 
of the chemical force affinity that belocgs to it, I define chemical! structure as the distr:bution of 
sation ef force. as a result of which chemica! that directly or indirectly influence one another are 


Tre eel xsown rule that the razace of a corplex perzcle is determined by the nature, amount 2nd dis- 
tnt ef 12 elemercary componencs, may be charged. consider, as follows: The chemical nature of a complex 
Ss the nature of elementary comsonent parts, their amount, and the chemical structure.® 
Late: pearing about chemical sructie, Butlerov Limself more briefly and definizg it as “the 


of chemica: bonds existing between atoms ic a particle”. 


theses of the paper. therefore, the concepts of atomicity (valency) of the elements, 
ms Seman atoms in a cemplexz molecule, ane of she dependence of the properties of a complex substance 
23. were brought tocether ard unified. This made it poss:ble to place chemical theory on sound 
to Enx it with chemical if, in fact, the properties of a complex subsame are de- 
cts scuctece, then we miay form an opinica sf iss stucture from its chemical reactions, and knowing the 
re s we may predict properties. Eis paper A. M. Butlerov points out that reacticns of all 
decomposition, and meézazhesis) can be used for the determination of chemical structwe, ard he 
sances a of empirical rules that may be used for purpose. Without considering what concrecze form must 
Se for the outward expression of sauctural formas. 2<lerov advanced the view that only one structural form- 
“gig was pes-sie for each sudxance and that in the fixe, wtean the laws relating properties to structure became 
“Gem, 32° a foruula woud express al! the properties of the given substance. In his paper Butlerov raised, for the 
-4im tome. tne question of the micual effects between atoms present in the same molecule, but not directly united, 


ones “=e tna the views that he had advanced would hetp to provide an answer to this question in the furure. 


The wo-r« earned or by Butlecov in the years tkaz folsowed had the object of developing the fundamental 
of tneoty chemical structue and rendering them more precise. He considered, for example, ques- 
Xi comeécing the differences in the natwe of the valeacies of carbon, nitrogen, and sulfur atoms, and he finally 

“. +. €ame te te conclusion that the hypothesis that the units of valency were different in nature was not comect. He 

abo reaction of phosgene with dimethylzinc, thus hoping to effect the direct synthesis of acetyl chloride 

@f acetone, as theory of chemical structure predicted; apart from substances containing the acetyl group, the 
poodact of reaction was found to be a compound that behaved like an ines shown to 


: a2 exsemely imporant to the of the theory of structure was 
fuadasencal work on “Vas:ous Explanations of Certain Cases of bomerism®. In this he shows, very clearly and con- 
vane ng ly. chat the phenomenon of the isomerism of organic compounds is to be explained by difference in structure 
with idemmy in composition and molecular size, the differences in properties 

: bias ‘eexes in the mutual effects of atoms in the molecule; this Is confirmed by numerous examples. 


This paper mut be associated with another large theoretical article “The Systematic Application of the Prin 
¢:ple Of Atorcity to the Prediction of Cases of lsomerism and Metamerism", in which he shows that from the point 
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of structure, 


of view of the theory of structure the prediction of the existence of fecomers is only a matter of the construction of 
diagrams; he predicts the isomerism of taturaced hydrocarbons and the existence, in pe: ticula’, of isobutane. 


_It was at this period (1864) that Butlerov was working on a textbook of o-gan:c chemistry based on the theory 


" of structure. In 1864-1866 the first edition of ‘Introduction to the Complete Study of Organic Chemistry” appeared 
_in Kazan, and this gave a new systematic treatment of organic compounds, extensively euscussed the whole of the 


factual material available in the light of the treozy of chemical structure, and developed its furdamental concepts, : 
particularly that of the mutual effects of atoms in the molecule. in 1867-1868 the “int:oduction™ was issued in a 


’ German translation, and this edition ~— Oise to spread the concepts of the ti: ery of chemical structure beyond 


the frontiers of Russia. 


At the same time, $ expe:imerzal work cont:nued. A series of investigations was devoted to tert-butyl 


alcohol and tertiary alchols in general. - Text-butyl alcot.ol was prepared by Butlerow by tne action of dimethylzinc on 


acetyl chloride; its properties were firally exablisted, and various derivatives were synthesized, for example, the 
acetic ester and tert-butyl iodide; isobutane and isobutene were prepaied, the synthesis of the forme: being particul- 
atly important, since it confi:med Butlerov ¢ p:ediction of the existence of isomensm among saturated hydrocarbons, 


~ and the actual nature of this isomerism wes explained from the point of view of the theory of st:ucture; with isobutene 


(2-methyipropene) the reaction of polymetizatioa was observed for the first time. To this same period (1869 belongs 


= work on the synthesis of alcohols from 2-iodoethanol and dialky!zines; the unexpected formation of secondary alcohols. 
. instead of the primary alcohols predicted by the theory of structure, led Butlerov to the conclusion that during this 


reaction there occurs an intramolecular rearrangement, which 1s also explicable from tne poim of view of the theory 


A laige number of new experimental facts, established not only by Butlerov, but also by other chemists in Russia 
and abtoad, strengthened the foundation of the theory of chemical structure and helped 11 to become more and more 
widely known With increasing frequency, hewever, cases occurred in which the name of A M. Butlerov was ignored 
in publications concerned with matters relating in one way or another tc the theory of structure. While remarking on 
the large number of examples that had appeaced which confirmed the correctness of his theozetical views, Butierov 
pointed out that “all this, however, does ncz p:event many foreign chemists from making insufficient acknowledge- 
ment of the part that I played in the development of the views that are now comirg to be accepted in chemistry, and 


_ from frequently announcing as a rew idea thet which I have already announced”. This position prompted him to go 


©. third mission abroad in 1868 in the hope of defending his priority by personal exchange of views with foreign 
chemists This object, hcwever, was rot attained, and in foreign chemical litcrature the theory of structure is more. 
often associated with the names of Kekule 2ad Couper, than with that of A. M. Butlerov. 


While he was abroad, Butlerov was elected to the chair of chemistry at St. Petersburg, and he began to lecture 
there on organic chemistry in january, 1869. i March, 1870, he was elected as an Adjunct of the Academy ot Sci- 
ence, in December, 1871, he was elected as an Extraordinary Academician, and in January, 1874, as Ordinary Aca- 
demician in Chemisity. The St. Petersburg petiod of hus life was mainly devoted to activities in these two institutions, 


‘the Academy of Sciences and St. Petersburg University. 


Butlerov's scientific work in the St Petersburg period developed in the following directions. First of all he 
made a closer examination of the methylene Cerivatives that he had already investigated and showed that in the va- 
por state ‘dioxymethylene” was the monomer “oxymethylene” (formaldehyde, CH), whereas in the solid state it . 
was the trimer “trioxymethylene”, of cyclic structure; he showed also,that with ammonia gaseous ae 


forms the same he xamethylenetetramine as polyoxymethylene. does. 


A series of investigations followed that formed a continuation of those ones cine at Kazan; they con- 
cerned tert-butyl alcohol, 1,1-<dimethylpropion:e acid, and other compounds that could be prepared from tert-butyl 


- alcohol It was shown that this alcohol cou!d be readily prepared from isobutene by disect hydration in presence of . 


sulfuric acid; it was also possible to prepare ethyl alcohol from ethylene, though under more severe conditions. Hav- 
ing obtained tert-butyl alcohol in large amounts and 1n a pure condition, Butlerov, studied its oxidation with chromic 
‘acid mixture (acetic acid, acetone, and sobutyric acid are formed) and prepared, via the 1odide and nitrile, a new 


_ _ fsomer of valeric acid, 1, 1-dimethylpropionie acid. From the acid chloride of this and dumethylzine he synthesized 
. pinacolone; he established the structure of this substance and so made a correct a of the mechanism of 
the Pinacolone rearrangement possible. 


Continuing his investigations of isobutene and its reactions, Butlerov ‘abies the ‘eatin of the structure of 


“unsaturated compounds and advanced the view that they contained multiple bonds, in support of which he provided 


convincing experimental evidence. He continued experiments on the polymerization of iscbutene and other olefins 
in presence of sulfuric acid and boron trifluoride, and discussed the mechanism of the polymerization and the struc 
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:.. of the polymers’ The results obtained by Butlerov in this field were much in advance of the contempotary organic 
swwmutiy, and only very much later were they placed at the basis of technical processes for the synthesis of high-quality 
“omnonenis of motor fuels. In one of the investigations, devoted to “bilsobutylene*, the concept of the tautomerism of 
compounds 1s developed; its treatment as reversible equilibrium isomerization {s in accord with modern 

views on thy Pnenomenon. 


Butlerov experimental in the last parted of his life stand at apart from the ones. 

They. concern some experiments eith quinine and cinchonine, which helped in the elucidation of the structures of these 

_ zikalo:ds, and also a description of asarone, obtained from the plant A:a'um europeum, and a study of its tructure. A 
Qate -pecial position 1: occupied by his “Note on Atomic Weights® (1282), in which Butleroy discusses the question of 
tre possibility of the atomic weight of an element varying according to tne external conditions. ie suggested that 
P:¢ut > Mypothesis. accad-ng to which ‘the atomic weights of the elements are expressed by whole numbers with respect 

“29+ “ya@zegen, may be true under conditions that have still to be defined, and that the usually observed departures of at- 
from whole numbers result from nonobservance of these conditions. Expc:iments were begun with the 
od:ect of finding these conditions and heace of experimentally confirming the complex character of atoms, but Butlerov 
not in completing them. 


Tne two last theoretical papers of A. 'M. Butlerov are concerned with the theary of chemical structure. Toward 
tre begunting of the eighties of the last century this theory occupied a leading position in arganic chemistry, in which 
an eno:mous number of facts had accumulated which confirmed it and helped to develop it. Voices were still some- 
times raised Mowever ~and they belonged to some of the most eminent chemists (Kolbe, Bertelot, Menshutkin) ~ex- 

‘pressing doubt in its cozectness and fwtfulness. In his paper “Present Significance of the Theory of Chemical Struc- 
“ture (1879), Sutlezov sowed in an exceptionally convincing manner that the ge was soundly based on an enorm- 
"Sus amount of experimental material ard had an extraordinary ability to predict. He countered objections made to ee 
the xatic chacacter ef aructusal formulas, pointing out that “we now regard pose structure not as something dead Sr 
ard smmobile; we consde:, on tne comrary, that it is endowed with conzamt movement, which is contained in its 
smallest particles, the individual relationsti{ps between which are undezgoing continual changes, which integrate to a 
certain constant average résult*. ke objected also to the idea tiat the theozy of chemical structure was associated | 
wth tne idea of the constant valency of elements, and he remarked that the tneory was undeservedly condemned as 
_ cenying the esstence of mutual effect of atoms present in the same molecule, but riot directly united. 


In the second pape: *Ciemical Structure and the ‘Treory of Substitution’ *, Butlerov attacked the idealistic 
Sasis of the treory of scdstitution and. comparing it with the theory of structure, cone that its predictions were 
correct only wnen the chemical structuwes,of the compounds under examination were already established. After these 
' Daders Objections to the theory of structure ceased entirely, and it received gtneral acknowledgement; it has main- 
tained its leading iol2 rigtt up to the present day. 


Throughout his whoie life A. M. Butlerov combined his scientific activities with public and social activities. 
7e was one of the lead: rg members of the Russian Physicochemical Society from the time of its foundation, he took 
ar active part ir. the congresses of Russian naturalists and physicians, gave public lectures to wide. audiences, was one 
of te organize:s of the higher courses for women, and was an active member of the Free Economic Society, in which 
re wormed very vigorously on the development of rational apiculture in Russia. 


in disse ussing iutierov' 3 public. activities we cannot omit a reference to his articles directed against the then- 
dcminant Serman party” in tke Academy of Sciences a party of academicians of non-Russian origin, who were try- 
ing to exclude the gréar Russian scientists from membership of the Academy. As an example of their reactionary 
activities we may refer to the nonelection of D. 1. Mendeleev at the Academy elections of 1882, which prompted - 
a> exceptionally vehement protest from Butlerov in-the article or Imperial Academy a 
was publisr.ed in the “Russia’*. 


Cn August 5 (17, New Style). “1886, A. M. died at the of his creative re 
role in tre development of Russian and world chemical science cannot be overestimated. Bis name stands with those : 
Lomonosov and and is an of for our people. 
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_THERMODYNAMIC STABILITY OF VARIOUS STRUCTURES. 


The question of the relative stabilities of various suructures for simple binary inorganic compounds in the 
solid state is e very complex one, A study of this question shows that the problem of the thermodynamic g@abil- .-~ 
ities of the crystalline phases referred to above may be solved by the use of the quantity p. the :a:io of the uni- 
valent and crystal radii of an fon, which kas been inuoduced imo thermodynamic investigations by the author 

and Kapustinsky [1]. Their treatment permined a quantitative relation to be found between heats of formation 


per gram equivalent aH nd the values of p for for 34 cation and anion, It was found that, for a a series of com- 
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pounds having a common cation or anion, increased. when comparisons were made along the groups 


and periods of Mendeleev's system. 


When a compound is found, within the series under comparison, for which (Pear Par) = 0, it has a 
maximum heat of formation per gram-equivalem (“inversion point”): on cach sige cf this point 


[s for the other compounds fail on straight lines sloping downward. The general form of the graph for a 


series of compounds having a common anior and showing a point of inversion is given in Fig. i fthe case of 3 a: 
comparison in a period in which the maximum range of variation cf (pea; - Pan) Ou, The vaive of p ex- 
presses the effect of Coulomb forces on the dimens:oas of an ioa of constant electronic configtzat.on [2} and : 
characterizes the relationship between the aturactive and repulsive forces that the _— ion extibits with respect 
to the other ions in the crystal lattice. ; 


The greater the value of p for a given ion, the greater, evidently, will be its ability to aztract oppositely 
charged ions. and the less will be its ability to repel the electron atmospheres of these ions. In this connection, 
_ the p-values may be regarded as the polar:zabilities of the ions. : 


The fact that, in a series of compounds u-der comparison, the compound for which are Pan has the - 
maximum heat of formation per bond shows that in this particular case the strongest bonds are formed, these, 
apparently, being of a predominantly ionic character. Far compounds in which p.3, and Pan a€ fot equal, 
the heat of formation per bond is less, indicating the increased “diffuseness” and lower ionic character of the bonds. 


It follows fom this thatthe difference (ccat — Pan) ay be regarded as a measure of the one sided polariza- _— 

‘tion of ions in the crystal lattice. ‘Hence, if the cation and anion have nearly equal p values, such compounds 

- must have bonds that are essentially of the ioaic type, because polarization phenomena cannot occu: here to an 

: _ ‘appreciable extent. On the other hand, if pcr and Pan are 2ppreciably different in value, then. owing to the 
dee preferemial polarization of one of the ions, the bonds :nust depart from the ionic type. If Par > Pcat[i.e 

Peat ~Pan) = 9]. the cation will be polarized by the anion (see, for example, the distribut.on of electron density 

_ in Mg Si crystals, studied by Ageev and Guseva [3] Owing to the lower deformability of cations, as compared © 
with anions, the bonds must nevertheless preserve a still appreciable measure of ionic charactex, © 


° 


ove 


. ‘ ‘ 
. 
. 


When there | cons: predoininance Pan OVEr we expect the of structures of 
“oe a atyr, in which polarization is reduced owing to the formation of voluminous multiple anions having a lower 


aizad.ity than simple anions. If Peat >Pan (i.e. (Poar ~fan) the anions will be polarized by the cations 


to 3: ¢xtent that may be considerable, owing to the greater deformability of the anions, and this should lead to the 
*9. at on of covalem structutes: this includes also the case of compounds containing muluple cations (peat very 
much greate: than. Pan). These conclusions are confirmed by the expcrimental facts, Comparison of the data in the 


*~  sgtature on the structures of the main classes of binary inorganic compounds and the types of chemical bonds that 


mex contain [4.5,6, 7.2] with the values of (Pcat ~P an) leads to the results given in Tables y and 2. Data for ast 
aiculat:on of p for cexain other ions may be found in a paper by Kasdes (9) ; 


Table 2 does not include compounds of elements giving ions having Weeiection outer seit, “Compounds 


“elements of this type will be examined sepaiately, 


- Mapping of the electson densit y between the atoms provides the most reliable criterion ie the determination . 
of the type of chemica! bond in the crystals. At present, however, very few such data are available for inorganic : 


_ Systems. and in the majority of cases it is necessary to deduce what type of bond is present in a particular crystal 
_-frem indirect data (electrical conductivity, tendency to undergo electrolytic dissociation in polar solvents and in the 
" meit, the type of crystal iatt.ce, the :rzeratomic distances, the angles between the bonds, melt:ng and boiling points, 


tinmdency to undergo hydroiysis, meciatical properties, color, etc,). Owing to these circumstances and the presence 
af bonds of intermediate characte:, the assessment of types of bonds. in various compounds, as given in Table 2, gnust 
De — as soprenionste and as expressing only the basic tendency that is chaiacteristic of the particular compound. 


‘The fi tst Tow: ‘of Table 2 contains compounds having chemical bonds that we have described as covalent-ionic, 
These include structures having weak Cat:on-anion bonds of appreciable ionic character and containing multiple 
am:ons having considerably stronger covalent anion-anion eect Such structures are most stable for compounds charact- 
by ‘arge negative values of (cat “Pan. 


Values of p for Various Ions 


ag~ 1,070 Ca“? | in? 1,28 1.43 | 


~ 


the d.sections left to right and bottom to top (Table 1), the structures indicated are found for compounds formed by 


" Cations ‘of the fist groups having low p values with anions having high p values. The carbides of elements of the 

. fist and second groups are actually acetylides, and contain multiple ions, cy . in which there are covalent bonds 

”. Between the carbon atoms, .For the alkali metals, owing to the considerable predominance of p nov over emit, the- 
MM comaining: multiple ions, are more stable than nitrides of the normal-valency formula MsN. 


To this’ group of compounds we may assign also peroxides of metals of the first and second groups and struc> 


et tues having molecular interaction such as the higher peroxides (MOQ. -polysulfides (M,S,), and polyhalides 50. the 
- *(MXy of metals of the first group of the periodic system, The field of existence of suuctures of this aad is peme> a 


venzed values offpeat ~ (about 0 3, and more values). 


6% 


4 
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— 
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The fieid of (p., - va‘ues fang:ng rom <0. 3 
to +0 1, is charactesized by moe stabie structures of 
norma! valency type :n which there 13 a conuderabie 
tonic-bond contridution. The cnemica! bonds in these 

: compound: are described in Tabie 2 as ionic. Here we - 
find compounds having nearly va. ues of Pc gr 


t is probable that certain ard nitrides’ 
ha ving exceptional’y tigh me.ting points and cons:der- 
abie chemical stability (S:C, Tt, and others’ must be 
as ionic compounds. 


As das been shown in a séries of [10] 
'.. the sons in h ghiy symmetrica: iattices of the NaCl or 
CsCl type may be :egarded as unde‘oimed, or as very 
sligetiy defo:med to a mutually equai extent; the high - 

symmetry of these lattices in itself prevents the develop- 
ment of polarization phenomera fll} tt ditt that for compounds in which the values of Pcat 2nd Pan ate nearly st 
equal and polarization pteromena are not greatly developed, the mo “convenient” structures will be highly sym- 
metrical structures of the NaCl or CsCl type. actually, the ma:ority of compounds described by us as ‘ionic* have 
cubic lattices [45] When (p31 — Pan) has positive values, gteater than about 0.1 (in the case of compounds of : 
elements of the last groups of the periodic table), the most stable sz: suctures are zither metallic o: covalent structures, 
In this field of (fj. 41 — Paz) Yaw, metallic structures are fourd in compounds having anions with insignificant af- 
finity an electron (MngC, FegC, CrgN, Mo.N. MON, etc.). Trese structues are characterized by stabie meta? 
cation —cation bonds and weak, evidently essen tialiy, covalent, cation -anion 


_ Dependence of the Type of Chemica! Bond in Binary inorganic Compounds on the Value of (p- .- -gan) 


Type of Rarge of Classes of compounds 


bond variation Carbides _ Nurides Ox:des “Sulfides. Halides 
icnic © Mes Dy: 820) 
-0.3 Bef 0.27) TERE lip (-0.07) Cs (0.00); CsS- LiF (0.00); ai 
AL€s€-0.15) BasN,(-0.31) ; €-0.13) MgO(0,00) i (-0.06); MgS (+0.10); CsF{-0. 06): 
(0,00); TIC (0.00); ‘Bao (- 0,13) (40.07); (0.04) 
€-0.18);ZrC LaN(-0.23) * 0,06); MF » (+0.07); 
-€-0.23; VC. TIN(-0.03) LagSz(+0.020) BaF (— 0.06); 


 Metal- 40.200) (- 0.33); By Dg (70.49); ALD, BeS (70.23): feF (+0.23); Bel, 


| CrN 
Me or : Mng (+0.04) (40.12); (0,183. Co, (40.67); BSs (0.36) (40.33); MgCt, 
Feg(?); (0.06); (~0.48% Co, (70.74). (0.17); Br £+0.56); 
Cog (t); MngNg MnN, VO, (+0.23; NO, (+0. 40): Big (+0.66): AICI, 
Nig (7) (90.29); (+0.57);. ZS, (-0.17. (-0 31); Al’, ¢+0.35): 
Cow(?); (40.24) "MoS, (0.31) (0.84). SiF (+040). 
(+0.62). MnO, . Re S-(7) (20:50). PF, 


‘ 
153,49 
q 
ot 
2 
° 


(9 
00.684 


In the case of anzons having an appreciable affinity for an electron, ot of cations that 2re unabie to form met- 
Sends, the type of bond found 1s predominantly covalent (MnQy, Sig Among the covalent 
compounds of this type, owing to the considezable pcedominance of pear over Pan. We ‘meet aiso compounds having 
sta>le cation cation bonds Sf -» ete.]. n accord with the powerful development of polarization phenomena 
occ cing in compounds that we have described as “covalent”, these have either coordination lattices of low sym- 
métry. the geometry of which permits stior.g one<ided polarization, or molecular lattices [4, 5, 11] For values of 
(2¢at ~ Fan) of greate: than abow. ~-0.5-C_7, the stability of the structures under consideration falls to such an extent 
trai he format:on of compounds of the higher va:ency states of the cation becomes impossibie, and this is very clearly 
manifexed, owing to the low p-values of the halogens. in the naiides of elements of the last groups of oe periodic 
system (azge cat 08); 14): 59), SBr(+0.7Q ete.]. 


The stable compounds of these elements havirg not too large values of (p-3:-Pan). Corresponding to various 
types cf chemical bond. are formed here mainly at the expense of a reduction in the p-valve cf the cation attained 
by exhibition of a icwer valency (zhe valency eof an ion is related to the value of p by the equation p= e 2An—1) 
ehicn nis the Bom repulsion coefficient). 


This dependence of the tyne of chemicai bond in binary compounds of elements that do rot give ions having 
2é<.ectren she!!s on the va'ue of (2ca,—paz)j 3s filusirated by the scheme given in Fig. 2, Tre diffuse passage fom 


382 ¢ ive ef bend co another B represented Dy the wide shaded intermediate zones, 


A specia! group of compounds is: formed by elements that give ions having outer shells of 18 electrons. These 


2em.en's show an ennanced tendency to fo:m covalent bonds: in the whole range of (A%cat —Pan) it is difficult to find. 
a compound rrat could be definirely ee as fcrmed mainly by any other type of bond. The kat givei below will 
© -013 °° 0.01; --0.07;, HgO 
0.01; - UgCi, +0,01, GaFs 40.12; Gals 40,22 
A study has a the ‘lect of the between cat and Pan on the nabilty of binary 


inorganic ‘compounds and the type of chemical bond that they contain, 


‘Highly sable compounds of normal-~vaiency formula and having bonds of predominantly character may 
only for cations and anions having nearly equal 


. 


3. Inthe case of compounds in which pany Is considerably greater than Peat (high negative values of (Pearm 
Pan) ), there occurs a lowering in the stability of compounds of normal-vaiency formula, and the covalent character 
of the bonds Increases, leading in the limiting case to the formation of multiple anions, 


4. The characteristic structures of compounds for which Pcat Is considerably greater than Pan (high positive ; 
values of (Pcar - Pan) ) are those having bonds of metallic or covalent type (sometimes structures containing covalent 
cation-cation bonds are found), The metallic type of bond is found when the anions have insignificant electron af- 
finity, and the covalent type {s found when the anions have considerable ainiaity for electrons or when the cations ; are 
unabte to form metallic bonds with one another, 


5. Very high positive values of (pcat - Pan) vesadt in unstable structures; for such binary compounds stable | 
_ structures can be found when the cation is in one of its lower valency states. Owing to the reductionin pcar the dif- 
ference (pcat - Pan) is reduced to a value that ensures the stability of the compound, 


6. The approximate ranges of variation of (Peat Pan) corresponding to the predominance of the various 
definite types of chemical bond, have been given, The relationships considered refer to binary compounds of ele- 
ments that do not form fons having 18<lectron shells, The elements that give ions having 18-clectron shells tend to 
form covalent bonds and apparently do not form compounds of predominantly ionic character. 
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COMMUNICATION 


In this paper a will be given of the sesidlis 2 serizs of investigatio= the euther or the 
theory of heterogeneous catalysis, which have as theis odject the discovery of the elemectary (micro-) mechanism 
of chemical process occurring at tke surface of acrystal. in these shoes gstpeS the probiem of adsorption and 
Catalysis is treated as a problem in physics and is regz:ded from the pois of view of tke moce:n theory of solids. 

In this paper the whole of the mat ematical side of the mater is omitted. We conside: bere - the main results 


our theoretical investigations, and only from te qualitative side. 


‘Every heterogeneous reaction inciudes, as obligatory imermediate ‘the stages 


serption. The mechanism of a heterogeneous-catatysis process cannct ke completely unde-sxs0d without an under- 


standing of its intermediate stages. Keace, although re theory of adso-xrice can develop o-<side the theory of cata- 


lysis and independemly of it, the theory of Leterogeseccs catalysis, on the comzary, can te Suiht up only in organic 


association with the theory of adsorxica. The coasz-ctioa of a theory of 22sorption zs the fizs step in the con- 
struction of a theory of catalysis. The present paper is devoted to certzin quesions in the theory of ue 
(adsorption as a of Catalysis). 


Various types of adsorption exis. The adsorption with which we are concerned ir cz - ysis is snails the 


so-called “chemisorp-ion", Le. adsorprion due to forces of a chemical! in which respect it differs frcm so- 


called *physical* adsorption, in which we are concerned with pureiy elecuresatic forces der Walls forces, 
electrostatic -polarizaticn forces, electrica!-image focces). 


tn their treatment, physical adsorption and chemisosptio= require essenti2iiy é:ferent approaches. 
tn the case of physical adsorprion the absorbed moleccte and adsorbent can be zegarded as independent systems. 


_ The action of adsorbent cn the adso-Sed substance car be treated as 2 we2x perturbation. iz the case of chemisorp- 


soived by the methods of perzurbation theory. 


tion the adsorbed molecule and the lztrice form a sirgle The cannot now be 


A solid that is an adsorbent in the process of chemisorption and acts.2s 2 catatyst is not an india mus. 


Pating) support on which the chemical! mocesses develop, but is an active pa-ticipant in these procesces, taking part 42 


in the imermediate stages of the reactica as one of the components cf the reaction, The wtole system (:eacting 
molecules Plus the solid) must therefoce be ueated as a single whole. 


In such a treatment the elecucas of the crystal lattice are found be in chemical | pro- 


cesses occurring at the surface of the crystal. Moreover, in certain cases they are not only pactic ipants, but a!so 


regulators of these processes. In this paper we are — concerned wih the part played se the electrons of the ~ 
crystal lattice in chemisorptioa. 


Chemisorption can interest not only 2: asa stage of satis not only is an 


- _ stage of catalysis, but also for its own sake, since chemisorption is the simplest case of a bezez:ogeneous reaction. © 


is the reaction consisting in combination moteceles with a solid. wih which a peculiar 


Firs of all Jet us examine the mechanism of the chemical combinatnoa of a gas with a solid. 


. order to simplify the calculation (it can be made fa the general case also). a suitable model must be chosen. We 
~ shall examine the simplest case [1, 2] Let us take as our adsorbate an electropositive wivalent atom, denoted by 
the symbol A. As adsorbent we shall take an fonic crystal formed from singly — fons Mit and K (M being 


a metai, and Ra metalloid), These sous will be treated as poim charges. 
We shall introduce also two simplifying assumptions. First. we shall regard thé surface of the cna as an 
e Paper read at the Conference on Heterogeneous Catalysts, Moscow, January 28, 1953, 
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Letace. nother woids, we shall ew tude the existence of defects of vatlous kirds that a.e hourd to erta tz and 
surface real crystal, disturbing the strictly peitodic structure of tne Secord, we srali ignore 


a crysia:. Soth “fe these assumptions will be removed (successively) in futher treatment, 


model we have a one-clectron problem. The only electron {s the valency of atom A, While 
atom A sufficiently far from the surface of the crystal, our electron belongs to this atom (F+g. 1, 2}. Ween, sowever, 


the A ison the suiace, its electron not to the atom A, te asa 


whole. 


Calculation shows that en’ valency electron of the atom A is then ion out into the lattice to a greater or 
lesser ¢egz¢e ta other words, the electron cloud around the pos‘tive core of the atom A, wh:ch in the case of the. 
- elated atom has spnerical symmetry, is then deformed and to a certain extent d:awn out into tre lattice, This 
extension cf the electzon atmosphere into the lattice forms, in fact, the bond between the ad:o-bed atom A and the 
“erysal The bord is thus effected by the valency electzor. of the atom A. We obtain a bond of tie same ty as 


thas in Se che molecular ion H,"; it is a one-electron bond (Fig. 


"= cas de shown that the strength of ‘the bond between the atom nA and the cattece A on how strongly the 
‘valerey electzon of the atom A is pulled into the lattice. Tae stronger the pull, the stronge: the bond. This ex- 
tensier o* ce election atmosphere leads, among other things, to the acquiring by the adsorbed atora A of a certain 
dipo‘e momen, which :s of purely quantum-mechanical origin; it is quite different in nature Som the dipole mom- 
exx that 2:is¢3 in physical adso:prior and is due to the polavization of the adsorbed atom or molecule by the field 
c* te !sctice. We may point out that txe vaive of the dipole moment arising in chemiso:ptrion can be shown to 
exceed, Sy 2 ‘acto: of several powezs of ten, the value of that induced in physical adsozption, 


Chemiterttion as a Two-electron Bond 


Tie seg-ee of the eension of the electronic atmospheze the atom A santo the lattice is both 

Dy tte tate of the aiom’A ac by that of che lattice. in some cases this extension may be 30 small, i.e. the bond 
0. Tee atom A wtth the -attice may be so weak, that adso:prion due to such a one-ciecton bond may rotoccur 
19 am case ine Eee electzons the crystal lattice itself may come to the rescve. Ad- 
80 by the im: oduction of a ‘tee election of the iattice into the process. 


Let 2s conside: this case’ (2]. in the preceding calculation we neglected the pzesence free electrons in the 
lattice: 22 33 now necessary to take them into account. Let us return to our model, supplemerting it by the imro- 


duction of 2 fee electron o7. the crystal surface. We now fave a two-electicn problem: the first electroa is the 
valency oF Fe atom A. and the second ts the free elecrean belonging to the lattice 


© : 3 What does the 


presence of a tree 
w. 4 electcon on the crys- 
ee surface signify ? 
-What does it mean 


. ‘ent when we say that in 
eseecescees ! - the surface conductiv- 
Of 


; the M* iozs of the ‘surface layer of the 1 lattice has been neutralized gocaiveieet Into es neutral atom M) (Fig. 1, c). 


Wren we say. that a free electron moves in the surface conductivity zone, we mea that the elect-or moves 
from one M™* son of the sur‘ace layer of the lattice to a neighbo:ing M* ion, and so moves ove: ‘he sur‘ace of the 
Crysta:.. “n othe: words, we mean that the neutral sate of the atom aM. wanders over the surface by izans‘e: ‘rom 


a can be shown that the atom A, ees placed on the cryaal surface, creates > local level ‘or the Stee elee- 
tron of the lattice. This Jevel is s'tuated below the surface conductivity zone, as shown in ™‘g. 2. 2 Plays the part 
of an “attachmem’ level for the free electron. Lf the lattice electron falls from the conductivity zone to the local 
ievel (as stOwn d:agyammatically by the bold arrow in Fig. 2), this mcans that the elec::on has ceased to be ice 
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and has become localized on the crystal surface nest the place in which A is to be found. The atom A, therefore, a 
plays the part of a “trap” for the ‘ree electron. It can be shown that there is then formed a falzly strong two-clectron 

bond between the atom A and the lattice. Two electrons take part in this bond; the valency electron of the atom 

A ard an electron of the lattice itself (borrowed from the family of free electrons). 


The electron of the lattice and the atom A are then bound together by exchange ‘orees. In this case these ex- 
change forces are the adsorption fo:ces holding the atom A on the surface and, at the same time, holding the electron 
of the lattice in the proximity of the atom A. We obtain a bond of the same type as that present in the H, molecule. 
The strength of the bond depends on how far the local level of A is below the surface. The lower the level (the higher 
the value of V in Fig. 2), the stronger the bord and the stronger the localization of the lattice electron, — 


As the atom A is removed from the surface of the crystal, the local level in Fig. 2 is drawn toward the zone a 
(V is reduced), the exchange bond between the atom A and the Jattice is weakened, and the lattice electron in the . on 
local level of A is gradually delocalized, i.e. its wave function becomes more and more smeared out. in the limit, ae 
when the atom A is infinitely removed from the surface, the local level is found to be diawn into the zone, The : 
_ electron in this level is thus taken into Ge conductivity zone, es ei canis and so returned to the 
family of free elections, . 


All this can be graphically redescribed in terms of the ane, Let us imagine that the atom A falls on the 
surface of the crystal, as shown in Fig. 1, a. ¥ the free electron of the lattice then iemains on one side without form- fee 
ing a link with the atom A, then, in general, edsorption does not occur. We are now ignoring the one-electron bond ee 
due to the valency electron of the atom A, as we are considering the case in which this bond 1s so weak that it may Ae 
be neglected. If, however, the atom A, on coming to the surface, meets a free lattice electron, as indicated in Fig. 

1, qd the atom will take up the election and become adsorbed. The atom A becomes attached to the sur‘ace, and the 
free lattice electron becomes attacked to the atom; we obtain a two<lectron bond (Fig. 1, €). 


The free lattice electron acts, therefore, 2s an adsorption center. Let us state this in another way: a neutral - 
atom M that is present among the M* ions of the sizface layer serves as an adsorption center. Adsorption of the atom - 
A on such a center results in the localization of this wa ndering center and consists in Ge formation of a quasimolecule 
AM having a characteristic two-electron bond. 


The whole cf this mechanisrit, which we have ‘andiied in the language of tiie e theory ef solids, can be described 
in another, more chemical, language. An electron in the surface conductivity zone may be treated as a free (unsat- 
urated) valercy, wandering over the crystal surface. Actually, the metal ion M* in the lzitice kas a complet2 elec- 
tsoa sheJl, whereas the neutral atom M contains, in addition to the complete shell, a single unpaired electron, i.e. an 
unsaturated valency. When these twe valencies meet, mutual saturation occuzs, and this leads to ecenam, i.e, to 
the chemical combination of the atom A anaes the crystal. 


Let us now examine the consequences ensuing from the concept of free elections as adsorption centers [4. 5]. 

. Such a veatment of adsorption cemters leads us to ascribe a number of specific properties to them: 1) free adsorp- 
tion centers are not localized on the crystal surface, but wander over the surface; 2)the number of adsorption centers 
does not remain constant, but increases as the temperature rises; 3) by the action of external factors on the lattice, 
it is possible (at a given temperature) to alter tke number of adsorption centers artificially. 


‘ It should be noted that the concentratica of electron gas at the surface of an ionic crystal is extremely low 
under normal conditions, From this i might appear that the surface would be able to accept only a negligible quan- 
tity of gas atoms. This, however, is not so: it may be readily shown that, as the surface becomes filled, more and 
more new adsorption centers arise as a result of transfer of electrons from the normal zone and the formation of a 


We shall “denote the of adsorbed awms per unit area ‘the of free electrons in 
suface conductivity zone, fe. the number of free (unoccupied) adsorption centers, by n; and the concentration of © 
free holes in the normal surface zone by &. & will be obvious that m is at the same time the total number of 
oe cemers (free + occupied), B can be shown that oo equilibrium conditions we shall have: 


pete 
in which m% is the concentration of electron (or hole) gas in the case of a clean surface (i. e. when N= 0). 


a 
We 
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Tk » tetations expressed by Equations 1 are represented in Fig. 3. We sec that the total nurber n° of adsorption 
centets increases as the surface coverege increases, fe. as N increases, but the number n of free centers slowly falls, © 
We always have a certain reserve of free adsorption centers on the surface which are able to accem gasatoms. B& 
gan be shown that, as a result, the differential heat of adsorption, which we shall denote by Q, also depends on the 


‘it may be shown that the: between Q and Nis expressed the 


in which q is the heat of adsorption for a separate atom, i.e, the energy of the bond between the adsorbed atom and 
the adsorption center, and u is the energy of formation of the pair (free electron + tee hole), i.e. the work spent 
in the creation of each adsorprion center, 


; The retation between Q and N, expressed in E:ucison 2, is represented in Fig. 4. We see that the differential | 
"neat of adscipion falls as the coverage increases, in spite of the fact that the surface is assumed to be honpgeneous 
(adsorpticn centers of one kind only) and the interaction betweea adsorbed atoms has been ignoreJ. 


Let us now tum to the kinetics of adsorption. If adsorprion proceeds suificiently slowly and 
in the lattice’ is established sufficiently rapidly so that electron equilibrium may be considered to exist thrcugi:cut 

: adsctpzion process, tren for coverage as a function of time we obtain, as can be shown, ube following <qStion, eiics 
is valid when the coverage is su*ficiently low, i.e. at the beginaing of the adsorption process: — 


(P is pressure, T adsolute temperature, and A a constant, which can ne snatyned further). 


We thts astive at Benham’s law (with the index }). which often holds in practice and which is ain re- 
. garded as a crite-ion of heterogeneity of surface (in the given case the surface {s hommgeneous). We see (Equation > 
that heating does not retard the adsorption process, but, on the contrary, accelerates it, We obtain kinetics that are 
typical so-called activated the activation energy 


* way in which we fester in the kinetic (Equation 3) arises —that, 

- tically speaiing. is the proble:n that the theory of activated adsorption sets out to solve. The origin of this factoz 

is generally explained by introducing the concept of a potential baniex on the adsorption curve (Fig. 5). In our case 
trere is no potential batter. The actual number of adsorption cerszers, however, rises exponemialiy with 

ture. Here lies the origin of the exponential factor in Equation 


‘la the usual theories of activated adsorption, which are concerned with a potential barrier at -_ crystal suf me 
c". | = -niunber of gas atoms striking the surface rises exponentially with the temperatwe, whereas the numbez of 
*- ga. tgtion centers accepting these atoms remains constant, In our case, on the contrary, the number of accerxing 


€ehters rises exponentially with temperature, whereas the sumber of atoms striking the sut’ace semains actically 
constant 


‘ 
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given temperature the concentration of ‘ee elect-ons 
at the surface of the crystal, i.e. the concentration o° adso:p- 

. thon centers, may be artificially changed as a result of ex- 
ternal influences affecting the crystal, For example. i::adiation 
of the crystal with photoelectric ally-active light should lead © 
to an increase in the adsorbing power of the crystal. wrad-— 
iation should also affect the kinetics, b:inging about accele.- 
ation of adsorption. In fact, while we maintain the irradiation 
we at the same time maintain an increased conceat:ation o° 
adsorption centers at the surface of the adsorbent. — 


Another factor affecting the concentrations of electron 
Fig. and hole gas in the crystal, is provided by inpwities. Tne 
introduction of foreign donors increases, and the introduction 
of foreign acceptors ‘diminishes, ‘the concentration of electron gas. Impurities, therefore, should have an effect both © 
_ onthe k:netics of adsorption (accelerating or retarding adsorption) and on the adsorption equilibrium (increasing or * 
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‘fcockemical analysis, which was founded by Ku:nakov [2] and ts now being developed in che “rsttute of Gereial and 


ow called alloy chemistry, as we propose to call it, metallochenistry (5) 


1. I. Korntlov 


. At the basis of the science of alloys lies Mendeteev's period.c law and Mendeieev's iceas on the natuce of al- 
loys, both as solutions and as indefinite compounds {i] The study of alloys is also one of the ma:n branches of phys- 


inorganic Chemistry of the USSR Academy o/ Sc:ences undei the genera! di:ection of Academician azov [3] The 
chenical side of alloy science vas 1e‘erzed to by Kurnakov as chemical metallogiaphy [4] This ‘ield of science is - 


The most important objects o* metallochemist are the study of the laws of of and 
metallic compounds, and the application of these laws to the determination of the equilibrium diag:ams of metal 
systems. The laws o! formation of solid solutions of metals &. 6, 7, 8), which are based on Mendeleev's peziodic law, 
also relate in equal measure to the ‘o:mation of metallic compounds. This paper 1s devoted to some questions 1e- 
lating to the formation of metailic compounds. 


Classification of Metaliic Compounds 


The riame “metallic compound” was fist introduced by Kurnakov in 1899 when studying compounds formed 
betweer metals [9]. te:m, metailic compound, is the one that mostclosely corresponds to chemical views 
on the nature of alloys. For these compounds, in place of the great variety of te:ms that ate in use — intermetallic 
compound, “inermediate phase“, and othe:s — we consider it correct to p:eserve the name given by Kurnakov, “met- . 


allic compounds ~ {5] 


‘The most general prope: ‘ty of metallic ccabenil is that they are cha. acte’ rized by the metailic poperties in- | 
herent in pure metals: they diffe: -<:om ionic compounds in that the metallic bond is p-edominart: :2 meta!!ic com- 
pounds aton:s of diiferent Finds are I:nked togetre: tre crystal lattwe predominanily by metailic bonds, which, 
unlike those in solid meta) solutions, fix a constant :toichiometric ratio of Zoms in the compounds. Asa rule, met- 
allic compounds nave individuai crystal lattices. atoms of ditferent kinds ate ar-anged in orderly “asnioa in such a 
lattice. The st-ength of the chemica: bord avoms of different Linds ip metallic that “orm com- 
pounds varies with the composition. This is .e‘leciee in tne vaz:ation of the propertie: of alloys et concentration 
and in the natu e o: the composirion — p ‘ope: ty diagrams On these — the compositions o* i iene are 


shown as singular points. 


Metallic compounds should be classified on ihe basis of ma gene: ‘sally acknowledged classes of chemical com- 


‘pounds proposed by Kurnakov (2, 6]. Ag" variety of co...ccuncs divided by kim into be:thollides, compounds 


distinguished by variable composition and absence of singular points ¢ 1 Composition - pvoperty diagrams, and dalto- 
aises, compounds of constant composition and showing a singular point on composition - property diagrams. 


. Taking as our hasis Kurnakov's principle of classification applied to metallic compounds, ee may now single 
out the large group of compounds formed as a result of transformations of solid solutions, These compounds, which 
we call Kurnakov compounds (see below), may be of the berthollide o: daltonide types. .n consideting questions 
concerning the fo: mation of metallic compounds, it must be remembered that there is an undoubted connection be- — 
tween the formation of solid solutions and of metallic compounds, This connection can be readily t:aced by study- 


. ing examples of the conveision of solid solutions irro Kurnakoy compounds and the wate: transition ot compounds 


of the berthollide type into compounds of the daltonide type. 


By studies of compounds of constant composition it is possible also to show ri a given nett. imectin with 


- elements of different groups of the periodic system, forms compounds of metallic or tonic character. 


The enormous range of variation in the chemical nature of solid solutions and meta! compounds, which is ex- 
amined below, is subject to the fundamental principles of Mendeleev's peilodic law, and is a consequence of this 
law. The concep of continuity in solid solutions is closely linked with the discieteness in the composi’ ion and prop- : 
enies of metallic compounds of constant composition, and the latter compounds are ‘genetically associated with com- 
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pounds of the tonic type. This is a gtaphic proof of the dialectical character of chemical reactions between metats, 


Kurnakov Compounds 


it has deen long established in ietallochemistry tha. many solid metai soiuiions ate stable onty at high temp- ? 
eratuses: in the course of slow cooliag, these soiid solutions yield metallic compounds, The clas.ical demonstrazion 


of the occurrence of chermical processes in solid solutions was given by Kurnakov in his -vozk on the cuppe: - gold 


system. For the first time, in 1914, Kurnakov [10) established that when the solid colu:ions 0° t).is system were cooled - 


slowly, two compounds, CugAu and CuAu were formed, In the period of almost forty years tha: has passed since this 


discovery, siatlar compounds have been detected in numerous solid metal solutions, Whereas up to the time of Kutna- 


nov's discovery the system copper - gold, in which these compounds were formed, could be regarded as exceptional, 
at the present time, on the contrary, a system consisting of solid solutions in which metallic compounds are not 
formed would be regarded as exceptional. Even in a system consisting of two metal aralogs having almost icentical 
atomic diameters, namely silver - gold, it has recently been established (1951) as a result of very long transformation 


times (about 1340 hours) in the range 300 - 450° that there are signs of the formation . two compounds, Ag3Au and 
-AgAu [11]. 


Although it is quite seinenn’ that ‘Kurnakov is the discoverer of metallic pciehiaate in solid eae his pelockty 


is ignored in many foreign monographs « on metallophysics, Foreign scientists call these compounds simply “ordered 


solid solutions” . “artangement of remote order", “superlattices”. These same names have been translated literally 
into Russian to describe the concept. One is at a loss to understand how our scientists could pass over in silence the 
ignoring of Kurnakov’s priovity, when translating a number of monographs into Russian. in Pauling’s book “Nature of 
the Chemical Bond” (i:amslated by Ya, K. Syrkin) there are references to numerous investigations on these questions 
by foreign scientists, Tammann, Dehlinger, Bragg, Hume-Rothery, and others, but there are no references at all to the 
first and o:iginal investigations of Kutnakov in this field. - In the book by Seitz, “Physics of Metals” (translated by - ; 
E 2 Aduovich and M. P. Shasxolskaya), theze are no references at all to Kurnakov’s work in the discussions on solid 
solutions and ordered phases. ‘n che 'nterests o* rhe establishmen: of the priority of Russ:an science in the discovery © 
of compounds ot these types fo:med from solid solutions, it will be just to name these compounds *Kurnakov com- 
pounss” This genera! name cen replace such indefinite terms as “ordered solid solutions", ‘superlattice™, 


Among Kurmakov compounds sheze is a precom:nance of compounds of the dahtori detvpe. They a-e distir- 
guished by rapidity of formation, and chazacierized by ordered structure, characteristic type of crystal lattice, in- © 
tegral ratic of atoms, and a 

= prope; These sing- 
ula* points, cozzesponding to the 
compositions of Kunakov com- 
pounds, are minima ‘o: resistiv- 
ity and hardness (Fig. 2). The 
maximum rate of fo:mation of 
such compounds from solid sol- 

utions cotresponds exactly to the 
composit:on of the compound, 
and the therefoie diminishes 
when one or other component * 

taken in excess 


Fig Mei ung point diegram 0 wai 
. COmposition property diag'am (J) ‘or 
: “system of continuous solid solutions :n 
_ which Kurnakov comyounds arc formed. 
Resistivity p: at tempe:ature T, 
in the region of solid solutions; 2—- 
“at temperature T, in the region of com- 
pound formation. 


Ku:nakov Compounds bases on any part: cular metal. ‘These are determined by the position of the meta] in Mendeleev's | 
periodic system. 2 the temperature of formation o! these compounds from solid solutions is taken as s measu.e of stab- 
ility, it may be Shown that it rises as the difference in the chemical properties of the reacting metals increases, 


We may readily convince ourselves of the truth of this by considering, as an example, she formation a: compounds * 


tom solid solutions of Group vil metals, which have the greatest tendency to form ‘compounds from continuous solid 


. ‘Thus the following Kurnakov compounds are formed from Oe solid solutions of Lan with metals of G:oup 
FeN:g FeCo. FePdy FePd and SePt. The formation temperature of these compounds inc:eas:s regularly from 
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ren, 04. through rerd (11204, to rem (1920"), This conespond tothe rise in atom: numbe: of Group 


If we compare the of of iron with metals of the same sow, but of 
various groups, for example, in the systems: tron -nicke!, fron -cobatt. fron’ chromium, and iro” - vanadium, oe 
can readily convince ourselves of the truth of this rule. in the last two systems also, compounds sre fovmed from sol:d 
solutions (FeCr and FeV) The temperature of the formation of these compounds rises fiom 550° for FeNi, <0 926° for J 


- FeCr, and to 1230° ‘or Fev, $8. rises regulatly from compounds of Group Vi! elements to those of elements of Groups 


$ 


The relation of the temperatures of Ku:nakov compoun?s 
the po:z:ons of elements in the periodic system, which we were the 
first to establish, +s illustrated by the data given in Fig 2, in which the 
formation tempe:zatures of all metallic compounds formed by with 

_ metals from Group IV to Group Vil! are shown. At the moment we ace 
conside:ing the formation temperatures of onriy Kurnakov compounds. 


As will be seen fiom Fig. 2, a regular rise in the temperatures of 
- formation of Kuznakov compounds occurs in series of iron compounds: 
from the compound with nickel, through that with palladium, to that — 
with platinum (metals of Group Vil): and from the compound with 
nickel, through that with chromium, to that with vanadium (metals of 
Groups VI and V). 


‘ With increase in the difference in the electroric structures of the 
metals. coxrespending to their increased separaion in the periodic sy- 
stem, the temperature stability of the compounds rises until they be- 

‘come ssbdie right up to the melting point, in which case they are 
formed cuectly on crystallization of the melt. 


A clear example of such benhavio>: is found inthe imteraction of 

irca ard titanium (Group element). ‘ron forms limited solid 

solutions with this element, and metallic compounds, Fe,Ti and FeT: 

; of high melzing point are formed directly on crystallization of the melts. 
(see Fig 2) Hence, with increase in the chemical diffezence between 
metals in accordance with their positions in differext g-ours of Men- 
deleev's periodic system. the of interaction changes Co:responi- 

“ingly. in metal systems the mutual solubility in the solid state dimin- 
tshes. andthe tendency to form metal compounds dizectly “rom melts 
imezeases Hence, the limited solid solutions in metal sysems corre- 
spond in most cases to the limits of the evistence of metallic compounds 
in these sysems, and serve as the boundazies for the transit:on ftom solid 
solutiozs to metallic compounds Here in gtaphic form we see a man:- 

of the dialectical of the uansition of quaztitative changes into a new quality The cont:cually cising 


Fig 2 Variatio: of the formation and 
ineltung po:nts of some compounds of 
ton with the positions of the elements 
in the rows of the periodic system. 


- concentration of the dissolved element and the increase 1n the strength of the chemical bond at a de*imite atomic static. 


leads to a sudden jump: to the formation, either from solid or from liquid solutions, o? metall:c compounds of conta 
composition, having new lattice Parameters and new properties Between solid meta! solutions and compounds of con- 
stant Composition there is, however, an class of compounds called compounds variable com- 
Position. 


In metal systems we find compounds that form an intermediate class, which cor: oneal to their é1;fezem degree - 


. of stability These compounds differ from solid solutions hased on patticular metals by having a differem type of 


crystal lattice and a break in continuity of composi:on They differ also from compounds of constamt conposition in 
th-t they do not conform to the law of constant and multiple proportions and do not co:espond 10 de‘inite stoichio 
On coimposition-property diagrams (Fig 3) these compounds have no singular points, and ther: 
couipositions are characterized by a somewhat extensive cance of Compounds of va" Compositions 
are not subject to the laws applying to valent 
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4 
: "Substances of this type an metallic com- 
: pounds. They are intermediate between continuous solid solutions and 
metaiiic co.npounds of constant composition. 
: These metallic compounds of varable have all the p:op- 
exies of mevals. They may the-e‘oze be mtatiic compovnds 
o:mation of such compounds is periodic fashion 
as : to the dist:ibution of the elements by g-oups, a2 to ire tatio of atomic 
“diameters and of concentta'zons of valeacy electrons. The type of ihe 
<< czystal s-ucture of such compounds is Cererm:ned by che ratio of, 
the number of valency elect-o1s ts the 07 a'ums in 
_ elementary cell. These compounds have there been cailed “eiec- 
trenic compounds", The laws of L2ve been studied by 
Konobeevsky [13] and othe: investigaio:s. 
composition - propery diazzam (If for 
a system in which a compecad of vari- in many metaitic compounds of variable compositicn, such as the 
_ compos:tion tormed ‘S-phase in the copperzinc, silver-zinc, and ozhe: the features 
as characteristic of variable composition ave p:eseived orly at high temp- 
2tatres At lower tempe: ates, these berthollide phases of variable composition vieid Kuznakov compounds having 
d:spes:tions of atoms in tnex lattices and characteriaic singuiaz points or composition - property diagrams. 
Aa aa example of such a compound is the CuZn, or socalled 8-phase, in the CuZn syzem [14] The most typical 
nstormation of this sozt 1s that of the 8-pnase ir the silver-Zn system into a Fumakov compound corzesponding in 
AN intezesting exampie of the transformation of variable composition into a Kumakov compound 
33 33 that of the y phase of variable composition in the aluminum-magnesium system into the compound of constant 
Som: positon Alig, as estadlisned by Mikheeva(15] The auhor that at low temperatures the y Phase is the 
Sacnier of the compound A'sMz,, whch enly at high temperatures, clese to the onset of meitirg, ts in the state of 
in the course of the g-ad u2l transit from comnounds of varz:able composition to comporn?s 0° constam com 
Dosition, new wansitiona!l ciass of m.ezallic compeznds makes its appearance. These compourds chaiacterized 
dy the formation of peculiar crysta! structures, in wich the valency of atoms of a gives eiemert Changes as the 
20:7 the sotid pias charges. Typical examples of such compounds are having the socalled nickel 
(Mas). Tes hem gous Phases, a: Mar2:6¥ Cais ized by & 
of atoms in the elementary cell, coresporcing to continuous change in the vatenties o* the atoms as the 
compo-2ion of the giver changes. ‘It should be noted thst compounds of tbis sort do sot tose their metallic 
properties and. theze‘ore can be cailed metalke compounds. : 
M Metall a¢ Compounds of Constant Compssition (Daltonides) 
. The most typica! metalic ecmipounds of constant composition having whole number ratio: of atoms are 
elecz ropositive anc electronegative elements. was with these compounds thar Kurnakov began his system- 


= Melting point 
Crm Dosit -prope sty diag:am (1) for 
asysem in which a compound of 
stant (daltonide) is formed 


atic investigations of compounds between metals, and it was to these that 
he furst apptied the name of “metallic compoucds* [9] These compounds 
are formed between, for example, an alk2ti or alkaline ¢anh metal and a 


more electronegative metal of Groups WB, Vv B, or VIB 


Compounds of this type are formed dizec'l; fsom liquid solutions. On 
melting-point dragrams they show maxima, an¢ their compositions corres- 
pond to whole-number ratia of atoms, On composition p-operty diagrams. 

_ these Compounds show singular poinis (Fig. $3, pond ing io the con- 
stant. Compositions of the compounds. Compuu-ds 9° his type were 


tnlhike Kurnakov compounds, ‘sich they 
not form solid solutions with the componeris, :+.ow a maximum resistivity 


and hardness (see Figs. 1 and 4), The resists of such Compounds 1s some-_ 


times 5CG-1000 times as great as the same prose tv for thy ¢omconerts (in 


thé case of Mg,Sn, for eyample).. This indiears:: o: the number 
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of free clectrons and tie formation of a bond by the valency electrons. 


The relative stabilities of compounds of consant composition, like that of Kutnakov compounds, is determined 
by the chemical properties of the interacting metals and depends on their positions in the petiodic systein. ff in this 
case we take the melting point of a compound (the temperature of its formation from liquid solution) as a measure of 
the relative stability of the bond it contains, then the existence of such a relationship can be shown by an examination 
of a large number of metal compounds. For example, by an examination of the compounds of magnesium we may 
show how their melting poins vary according to the position of the second element in the Groups. and how the gradual 
quantitative change in the character of the chemical bond in metallic compounds results in a new quality: in a tran- 
sition to compounds of the ionic type. The metallic ain beri of magnesium were studicd tone atically vy 
Stepanov [17] 2 


Ih Fig. 5, on the left, melting-point urvc< of of maqnesiun ents of ik, 
and MIB are shown. We may conclude from tiw:: curves cas fre gine «Leer 
pounds of with elements of all three grouxs rizes as ateinic incteases, The positien is particul- 
arly clear for compounds with elements of Groups and IL, and as 
regards the Group Ill elements, although there are no experiruentai 
data on the formation temperatures of the compounds MgsIn2 and 
(arsitrary v2lues are given), it may be assu:ned that the 
shown will confirmed in the furure. 


The curves on the rigta of Fig. 5 relate to compounds of mag- 
nesium with elements of Groups IV B, V B, and VIB. An analysis 
of data on compounds formed by magnesium with elements of these 
groups indicates that these compounds are subject to valency rules. 
‘As the number of the group increases, they gad ually pass over into 
ionic compounds, 


For the final establishment of the relation between the me iting 
points cf these compounds and the positions ef the reacting elements 
in the periodic system, the necessary complete experimental data are 
unfoitunately nox available. Information is available on the melting 
points of all compounds of magnesium with elements of Group [V and 
of individual compourds of magnesium with elements of Groups V- 
and VL An examination of compounds formed with elements of Group 
IV, which are of the Mg,R type, shows thet the formation temperatuze 

of these compounds falls as the atomic number of the reacting ele- 
ment rises. The same order is found for the compounds of the type 
Mg3R,, formed with the Group V elements bismuth and antimony. 
The absence of data on the temperatures of formation of compounds 
of magnesium with arsenic, phosphorus, nitrogen, and sulfur and its 

* analogs makes it impossible to reach a final ccnclusion regarding the 

-  gole of the elements of Groups V and VI. Nevertheless, it may be as- 

. Fig. 5. Dependence of the melting poims of sumed that the meliing points of compounds of magnesium with these 


some magnesium compounds onthe positions § elements will fall as the atomic  suember of an weaee ofa given 
of elements in the rows of the periodic sy- group increases. 
All Compounds by magnesium ‘with elements of Groups 


: Ill have metallic properties: they are metallic compounds. Metallic 
peopenties. are walntiad also by snsiainineal of magnesium with ‘Group IV elements, and the same Properties are charact- 
ey: of the majority of the compounds formed by magnesium with Group V elements. 


- Compounds of some Group Vi elements, such as sulfides, seienides, and tellurides of magnesium, which are toa 


i considerable extent ionic compounds, still preserve certain metallic properties. Compounds of this type belong to the 


class of socalled semiconductors. Compounds formed by magnesium with halogens (Group VM) are putely ionic com- 
pounds: _ the metallic character of the bond has completely disappeared, and they are classical examples of salts. 


' Thus, by an examination of compounds formed by magnesium with elements distributed over the various groups 
of the periodic system, we may convince ourselves of the gradual change of the metallic character of the bond in these 
compounds and their transition to ionic compounds: a transition from purely metallic magnesium compounds to 
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‘periodic system. 


tnagnesium salts, 


‘The dependence of the relative abilities of metallic 
formed from melts on the positions of the reacting elements {n the 
periodic system can be demonstrated also by examples based on com- 
pounds of other metals, We have examined above the dependence of 
the fonnation temperatuies of Kurnakov compounds (the example 
- taken being iron) on the positions of the elements in the various groups 
~ . (Pig. 2). In Fig. 2 data are given also of ti:e melting points of com- 
pourds forined by iron with metals of Groups iV-VMil. The three 
_ curves given in Fig. 2 for elements of the 4th, 6th, and 8th tows, 
uniting points repicsenting the melting points of compounds of iron 
with Group IV-VIi metals, prove convincingly, in spite of the absence 
of some experimental data, that this relations!:ip holds. Tne inelting 
points of metallic compounds of iron rise :egula-ly from Group VIN 
to Group IV and, in each group, from low to high atomic number. 
The relative similarity or difference between the two components de- 
termines whether the formation of the iron compound occu's from 
solid solutions or directly on crystallization. 


Very clear examples of the dependence of the melting points of 
the metallic compounds on the positions of the reacting elements in 
the periodic system are affarded by compounds formed by wansition- 
group metals with nonmetals: boron, silicon, carbon and nitrogen. 
Compounds of this type belong to a special class of compounds, the . 
majority of which form so-called interstitial phases [18]. These com- 
pounds have very high melting points and 7 hardness, and td all 


have metallic properties, ss 


In Fig. 6 data are given on the melting poiiits of some compounds 
formed by these metals with boron (borides), silicon (silicides), carbon 
(carbides), and nitrogen (nitrides). It will be seen from these data that 
a general law is cbserved by the meliing points of these compounds: 

4 the meting points of these metallic torides, silicides, carbides, and 

Fig. 6. Melring points of the borides, nitrides rise regularly in a given groyp of elements as the atomic number 
silic ides. carbides, and nitrides of some _ of the element increases (7 ig. 6). Foi exampke, chiomiu.r boide has 
meta_s of the transitional groups of the lower melting point than molybdenum boride, and molybdenum boride pr 
has a lower melting point than tungsten boride. The carbides of these nom 
metals have the highest potms, the of elements of 
higher a atomic number having the higher melting points. - : 


The questiors relating to the formation of metallic compounds that we have examined above form part of the 
ge-e:al problem of inorganic compounds. As we have shown above, the chemical interactions of metals are charact- 
exzed Sy a number of transitional sages: from solid metal solutions to metallic compounds of variable and constant i ig 
com position, and from these to compounds of the ionic type. This evolution by gradual transition from the metallic ee 
type of bond to the ionic type is characterized also by sudden jumps that form a manifestation of the dialectical law 
of the transition of quantitative changes into a new qasy. Al this arises from the ecient properties of the elements, 
which are based on Mendeleev’ Periodic law. 


The solution of these general problems is of great importance for the cembtitaiias of the aiienh laws of the 
formation of solid metal solutions and metallic compounds. These investigations are imporam also in the study of | 


 gumple and complex phase diagrams of metal systems. They terve as a basis for the prediction of the types of phase 
diagram not only of binary, but also of many ternary, quatemary, and more besstcnattne metal eran, the great ese 
; ity of which nave not been studied cxperimomally. 


; i. The chemical interaction between metals or between metals and metalloids, ‘which results in the formation |. -” 
of var.ous subsances having metallic properties, is characterized essentially by the formation of metallic solutions 
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and metallic compounds. 


2. The chemical resemblances and differences between metallic elements, which are associated with the 
“dispositions of the elements in the same or different groups of the periodic system, are the fundamental factors de- 
termining the possibility of the formation of solid metal solutions in some cases and metaliic compounds In others. 


3. In accord with the teachings of Mendeleev and Kurnakov concerning solutions and compounds, it has been 
shown that there is a close relationship between metallic solutions and metallic compounds. These two kindsof 
interaction between metals must be regaided in their essential unity. The fundamental laws of dialectical matezial- 
ism — the transition of quantiative changes to a new quality, and the unity of opposites — are manifested in graphic 
form in the transitions of metallic solutions and metallic compounds. : 


4. The name “metallic compound’, first introduced by Kurnakov in 1899, is os most satisfactory ES 
for those products of the chemical interaction of metals which, their great variety notwithstanding, are distinguished 
by one fundamental feature, the metallic character of the bond. The name metallic compound” must be sub- 
stituted for many indefinite foreign terms that were brought into Soviet science without adequate critical examination, 
e.g. intermetallic compounds, intermediate phases, secondary solid solutions, ete. 


5. With the object of gaining the acknowledgement of the priority of Russian science in "eo discovery of met- 
aliic compounds farmed as a result of thermal transformations of solid solutions, it is p:oposed to call them *Kurnakov 
compounds”. since Kurnakov was the first to establish, in 1914, the formation of such compounds in the syzem gold- 
copper. a phenomenon that has since been observed in practically all solid metal solutions. . 


: 6. With increase in the chemical difference between metallic elements. as deduced from their positions in - 
: different groups of Mendeleev’s periodic system, the kind of interaction characterizing the sean of solid solutions 
- gradually passes over to the formation of metallic compounds from liquid solutions. 


7. The stabiliy or strength of the bond between atoms of different elements in metallic senile determines 
the temperature at which the compounds are formed: the more stable the compound, the higher the formation temp- 
erature. It has been shown by an examination of some metallic compounds of magnesium, iron and transitional-group 
metals, that the stability and the formation temperature of a compound rise as the difference in the chemical sauces 
ties of the elements increases. : 


8. The laws of formation of metallic solutions and metallic compcurds are important for the ceennentben de- 
termination of the nature of the interaction of metals and the prognosis of the types of phase diagrams that will Se 
found in systems not yet studied. This method of predicting the as yet unstudied phase diag-ams of simple and com- 
plex metal systems, sich is on princirle possible, is of great importance, not only to: the study ct metals now widely 
employed in practice (ion, nickel, aluminum, etc), but also for the study of met2is fo.ming equilibrium systems that 
have as yet received little o: no study. These metals include cent 1m, motybdenum, tungsten, vanadium, niobium, 
tamalum, titanium, in, and hafnium. 
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“LIMITING cuRRENTS ASSOCIATED with THE CATALYTIC DISCHARGE 
OF ‘HYDROGEN 1ONS IN PRESENCE OF AMINES: 


CATALYTIC FIFECT OF QUININE 


presest paper we give the resu of an experimenta! of the developed ‘qevieaty ny 
The main subject for invesigation has been the catalytic action of quinice in presexce of hydrochloric acid as a pro- 
_ ton donor. Quinine is onze of the mos active catalysts [2] and considerably reduc ces the hydrogen overvoltage: its 


catsiytic yave does not merge with the even at <1, ond be ata concentration 


Hydrochloric prevides o2 kind of proton donor, it bur. 
ir. buffered solutions, which have been used ay other authors {3. tlie complicated by the 


All measurements were cartied 0-2 in N LiCl as supporting electrolyte. This high concentration of indifferent 
elecuolyte enabled us to neglect changes in the ionic strength of the solttion wiea —s with various concentra- 
tions of hydrochloric acid. 


- 


EXPERIMENTAL 


Materials. The quinine used in this work was the morohydrochloride, m p 159° Its concentration in the 
oxiginal solutions was determined by ar.perometic titration with hydrochloric acid. The hydrochloric acid (“chem- — 
ically puze* brand) was csed in the form of 0.1 Nand 0.5 N solutions. ane its polarcg-2phic purity was checked by 
polarography of soiutions. neutralized with caustic potash (“pure for analysis* brand). in calculating the concentra- 
tion of tydrochloric acid in the polarographic solutions, a correction was made fer the nevtralizarion of the secord 
- equivalent of quinine The lithium chloride ( chemically pure~ brand) was checked for polarographic Purity. Its © 
solutions were not strictly neutral, and the original solution (2N) was therefore ceitratized with hydrochloric acid 

umil a just-perceptible hydrogen wave appeared in a polarograph:c test of the soliz.cz (galvanometer sensitivity - 
1" amp per division) mee remaining om used in the work were ammonium chloride, “pure for analysis”; 


apparatus The experiments were out on a visual polarograph bh order to increase the 
accuracy.of readings. the oscillations of the galvanometer were damped by Skobets and Kavetsky’s method [7] 
The mercury 2* the bottom of the vessel — as anode The characteristics of the capillary of the dropping elec- : 
“trode were as follows. m = 2.70 mg sec 57 The values of the lim- 
iting currents were not adjusted to m*/3 4 “623 The hcights of the waves were contig for residual currem. 
was removed from the solutions by — of which was gives a 
through N LiCl at 25°. 


RESULTS OF EXPERIME NTS 


A nurnber of polarograms dense at various quinine ont hydrochloric acid concentrations are given in 

; Figures land 2. The abscissae are values of potentials in volts refemed to the potemial of metcury in N LIC] The 
values of the potentials are not corrected for the ohmic potential drop in the cell and galvanometer The ordinates 
are salues of current in micros: be seen from Figures 1 and 2 that the polarograms have two waves, 
the first of which occurs at less negative potentials and corresponds to the catalytic wave, while the second core 


tesponds to the usual discharge of — ions. The height of the congue wave  eneveagende to the ee 
Current of ions. 


P 
: 


of Quinine sud alinoet constant concenirations ¢f hydrochloric acid. 
“The results show that at first the limiting catalytic. 
Sustent nses with :nerease inthe quinine concentration; 
rhe rate of rise then Secomes less, and the current tends dy 


“Fry 3. cttalytic current in presence of NCL. 
9; Pelezgua..s for different uinine concentrations (in 10 “6 M4): 


te a.definite 


the waive of the hydrogen ion diffusion current 


DH", 


Alyt.c wave is 


rent (N LiCl): 


concentration of acid in the’ soluzion is increased. ‘the limit to the ‘growth the current moves upward, 


; she: 1. Catalytic waves ir piesence of HC! 


26 é 199 N 


2 N HCl, 
the catalyzic current fer rising concentration of 


or dif- 
zrent concentrazicns cf quinine cur- 


3-12) curves of 


The imitation of the growth of the cat- 
therefore of a diffusional nature. Asthe 


afte: the limit assOciated with’ the diffusional restriction of hydrogen ions has been attained. increase in the 


‘tt net difficult to'see that this ime 


-£ (vets) 


Fig. 2. Catalytic curves produced by quinine 
at different concentiations of hydrochiczic 
acid: supporting electrol;te (N LiCl’; 
2-11) acid concentration rises from 2 to 11. 


o 


su.nine concentraticn continues, then at more negative potentials a new wave (Fig. 3), similar in form to the cat- 
it is possible that this wave is the result of catalytic cee of hydrogen, in 


aiyiic wave. 


ence cf ty lim. the .uinine concentration. 


- 


makes its appea.ance. 
“hich water molecules serve as Proton donors. 


3) 4) 10.7%; 5) 14.2; €) 17. >) 


ats at Constant Cuinine Concentration. 
Ta le 2 cre resented the” experi cesults, tained at acid concentrations and at approximately constant 
concentration, 


-. 


In Fig. ‘2 are given the polarograms, and 2n the first columns of — 


> ‘ 
- 


TABLE 
Depemence of Limitiag Catalytic on Quinine Concentration 
Concentration _ expt. [DH*], | i caled, Concentration Lexpt. Kp le | icaled. 
Quinine | HCl : (micro- (microamp) (microamp)| Quinine | HCl ¢nicto-- (microamp) (microamp) 
19% m) | (10% M), amp) | (10% amp); 

1.% 3.65 4.2 22.3 4.34 1.41] 6.78 | § 42 41.3 § 32 

2.72 | 3:63| 85 22.1 7.92 3.10] 67 | 11.6! 40.9 12.3 

3.59 443] 6.69 16.3 - 40.7..] 
3.57 } 12.5 22.8. 13.0 6.34] 6.64 19.4 . 40.4 20.7 
67 | 353] 145 ! 216 { 14.2 8.50! 6.55 | 24.0. 39.9 24.0 

9.30 3.48 . 15.6 15.7 11.1 6.47 | 26.3 39.4. 26.6 
11.8 | 3.42 16.3 20.9 16.5 16.5 6.29., 29.1. 38.3 . 29.4 

14.3 , 3.37] 168 205 | 16.9 215 | 6.13 | 29.8, 37.4 - 30.2 oe 
28.0 3.28 172.0 20.0 17,1 26.5 5.98 30.6 * 36.5 Oar ae 
31.6 ‘3.21 17.1 19.6 17.3 36.0 | 5.74 31.8 35.0 31.3 
*i is the limiting catalytic current ; 


‘TABLE 2 


The results show that at first the catalytic current increases propoitionally to the rise in acid concentration; the 
rate of increase then becomes less, and finally. at a sufficiently high acid concentration, the current tends to a limit 
determined by the catalyst concentration. The higher the concenwation of catalyst the higher the limiting catalytic 
current and the higher the acid concentration required for its attainment. As the limit to the rise in catalytic cur- 
rent occurs at relatively high acid concentrations, it may be supposed that this limit is associated with the filling of 
the electrode surface with dens Saas ions, which do not succeed in becoming Mane. apne: ree at low 


Dependence of the Limiting Cataiytic Curent on the Acid Conceimtration © 


Concentration | ie expt. +b flitcr:, else. Concentration i expt. 


Quinine HCl | minole) (microamp) Quinine} (micro- “mmote) (microamp) 


amp) 


am 10m) (10%)! 


0.47 3.30; 112 3.0 (1.86 0.46 j 
09 | 374, 1.0 3.83. 1.09 
145 | 327} 56 , 054 5.36 3,09 0.71 ; 18.4: 
1.93 3.26]. 72 044 i: 6.57 | 4.50 0.61 17.1 
290 | 323] 89 ; 062 : 8.50 5.96 0.62 |! 21.4 
3.93 | 3.20] 104 | 064 + 10.0 1.46 085 «| 24.3 
4.9 | 314; 115 8.95 0.76 26.9 
693 | 310! 127 | 067 ; 125 10.2 0.77 5 28.3 
"9.12 3.05! 133 O71 13.3 11.5 0.15 ; 29.5 
16.8 13.3. 0.78 14.25 14.1 0.16 31.4 


Experiments in Presence of 0.05 N HCI. In Fig. 4 a polarograms obtained in presence of 0,05 NHCl are 


7 given. and in Fig. 4b the points show the dependence of the limiting catalytic current on the quinine concentra- 


tion. The form of this curve is somewhat unusual: it is convex with respect to the axis of abscissas, Its slope | 
falls with increase in the concentration of catalyst, falling to zero at sufficiently high concentrations, so that the 
curve becomes a straight line. This kind of relationship between the currem and the catalyst concemration may be 
observed also for other amines as can beseen from Kirkpatrick's graphs [3); Kiskpatsteh, /however. attached no im- 
portance to this phenomenon and does not mention it in the tex. 
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agreemert with the experimental results ob- 
Aained 2: tariows quinine and hydrochloric acid” 
The expe:imental results enable 
ws to evaluzte the corstarts occurring in these 
* Eepesiments at Acid Concentratzron. 
Frem Esuaticas 35 and 31 of the previous com- 


Assuming thai = 2.33 
titer, 2: found from data on the electrical con- 
‘ductivity of quinine [8] we obtain the value of 
of ihe value of ip experimental val- 
a-c [K}, (Fig. 4) in Equation 41 yields 
revert of equation. Soluticn of these 
Q? = 1639 microamp liter /mmole 
46 = 2.39: 7 to 5.08. fer [S37 = 50 minoles/liter) and 1.1-. 


- = liter. uation 44 ives the value 
7.8 - microamp™" 


cf a secosd cats.stic. wave due to ‘guinine 


ve 
"be 


3 c 


w 


0: 


These values of the constants were used in constructing the deowetiés? cave i =f [K], from Equation 42. The 
i s shown in Fig 4b. : 


‘The characte: cf th Gepende=ce of the current ¢ on the quinine co comessecice at low values of the latter may 


atytic current At very coacentations ihe slowest stage is the process imeraction of uncha:ged 
ceompienes 1] Owtng to the slc rate at which they imteract and their ccomzz-etively high rate of formation, the pro- 


tion of unchaiged complexes 15 ictal surface concentration of catsiyst 2x Se fairiy high. These coinplexes form the 


passive part of the surface conceatraticnof catalyst, taking nodirect part in tre process. The rate at whichthe pas- 
partof the caialyst :sconveited inte active catalyst, i.e., the rate of the depends on the 

8s Atration 2se compiexes. This late is also Zeterm:ned by the value of the cataiyne 


_ very lowvatcerof[K}, as tke concenisation of catalyst increases, sate of iraeraction of the complexes 


moie rapidly than their formation, and the proportion of the tctal surface concentration 
iatls As-a resecr, the slowest the value of the becomes the direct pro- 
cess i. the rate cf which vanes nearly with the active part of the surface coacectzatica of catalyst. Further in- 


_ crease in the concentraticn cf the catalyst lowers the proportion of passive cazz?y= to such an extent that i may 


‘nee Se neglected ine comparison with the tctal surface concentration. In this czse the relationship between the cat-" 
aistic cument and the catalys ecreeszation becomes linear one (with a sality coefficiem of Q ). 


ef the Limitizg Curent on the Acid Concentration. Tre denendence of limiting currents on 


_ Scndenor concentraucns is shown in Fig. 5S. The points correspond tu. the expezimemial values of the current (see 
2) Fer the catalyt:c waves the points are extrapolated linearly to the same concentration of quinine. The 


values of currents lying on the straight I:ne correspond to the height of the cemmposiie wave. ie. to the value of the 
d:ffusion current. The s:ope cf the straight line the value = 6.1 micrpamp Iiter/ mmole for 


lorie acid in N LiCl 12/6 = 1 47 mg?/® The assembises of poims glong the curves give the. 
_ @xper:mentally found dependence cf the Catalytic current on the hydrocklocic arid concentration. ‘Theoretically, : 


this relationship is given by Equatio. 33 which represents the observed facts well. 


Ata suffic ently Iew concentration of proton donor, the curve for the liming catalytic cwrem 


co:neades with the straight line repcesenting the dependence of the diffusional. cunert due to 
on the donor Concentration ig. 5). 


is not difficult to see that the held of donor concentrations within which two lines 
gicw: as the catalyst concentration tises. The expianation of this is that at low Couns concen’ at.on ail ihe particles: 


© The numbering of tne equations s the’ same for both communications, | 


! 
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Fig. 5. Depende:ce of limiting currents on the 


“3.3- 16%x4 and 7.9- 107M respectively; 3- 


1.06: 2 


of denor that rcach the electrode surface are “dealt with! hy the cotslyst. It eo! vious that the hieh- 
pletely. As the coutent of deror in the solution is increased, the 
value of the catalytic current tecomes less than the total cure 
semt duc io the discharge of hydrogen ions. This means that the 
: Catalyst will no longer be able to “deal with* the whcle cf the 
Neng donor that arrives at the electrode. with further increase in 
donor concentration, the cf rise of the catalytic cumem 
become lower and lower, 2nd will tend to some li:niting 
value determined by the cc acentration of the catalyst and its 
capacity for dealing with donor. Equation 33 is trarsf<rmed, 
fitst into Equation 37, and, finally, with furtner i.crease in the | 
concenitation [DH*} into Equaticn 


The donor concentration at which the limit of rise of the 
Catalytic current is practically attained is determined by the 
value cf the coefficient b. The vaiue of bean be determined 
from the experimental data by substitucing them in Equation 
33. For this purpose it is conve: rient to modify 33 
some extem. Let us write 


Taking Equation 40 into account, we obtain 


concercraticn of hydrochlaric acid: 1 and 2 (46) 
Catalytic currents at quinine concentrations of Equation 46 we obtain 7 
diffusio.: current of hydrogen discharge put ([DH*), ~i) DHt 


when the experimenial values given in Table 2 were substituted in Equation 47, a series of equations was ob- 
tained which permitied the values of b and R tobe found. The vaives of b and R so found were not swictly con- 
stamt: = varied within certain limits according t to the acid/ quinine concent ation ratio. 


ee ” We may assume, for simplicity, eet the discrepancies in 

the values of band R, determined from Equaticn 47, are due to 
= ll the variable nature of b. Substituting the meen value of b (0.7 
liter / mmole) and the Value = 1030 

(in 0.05 N HCl) in Equation 39, and spp!,1ng also Equations 3% 

. and 45, we find that Q = 1060 microamp.liter/mmole and R= 
140 microamp-liter*/ mmole*. The value of R was substituted 
in Equation 47, and from the experimental data a series of val- 
ues of bfor various values of [DH*], 1K], was found. These values 
are given in the fourth column of Table 2. At relatively high 
and low concentration the value of b is somewhat higher than 
at moderate concentrations, where it is approximately constant. 

: The increase in the value of barises from the fact that the val- 
we of the catalytic current is ‘lower than that derived from our 
equations. 


> _ ‘The lowering of the value of the catalytic current at~ 
very low acid concentrations may be explained as follows. 
Fig. 6. Dependence of the limiting Catalytic Apatt from diffusional restrictions, which are taken into account 
Current on the quinine concentrath n; hydro- in the derivation of the equations by means of the constant 
chloric acid concentsations in 10°°M: 2. « DHe. in the case of a catalytic process there 1s a further 
2 365; 3-68. ‘ 
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Se seen from Fig. 1 of the peviows Communication at a potential corresponding te i 
1723 almost attained its maximum, whereas the rise in weve 3 has not yet set in, the current being that cor- 


faster rhe point is that 1s not ‘the proton donor to coine to the electrode 


st then move a centain dstance over the surface until meets a catalyst molzcule. The effect 


“st pad stiding asouw™ will be particularly notable at low donor concentrations, when the slowest stage, which 


> stermites the value of the catalytic cucrent, is the supply of proton donors to the catalyst. As the concentta- 


2.27 cf donor increases, the slowest stage becomes the action of the catalyst on the donor, and the effect of 


A cettain rise in the value of ba at high acid ssauainiae. may be explained by thc fact that in this plea” 


2203 catalyst molecule has to deal with close to the maximum amount of donor ard therefo-e causes the evolue - 
s122 ef a iarge amount of moiecular hydrogen, which, not being able to escape ecyrartted rapidly from the elec- 


vs Tae last column of Table 2 contains values of 1i pesca cuwrents caiculated by Equatioz 4€ by substitution 
x i= 745 mucroamp - liter®/ mmole? azd b-= 0,7 liter’ mmole. At the ssme time, is. o:dex Lo avoid cumber- 
some e calculations, a tounded vaiue of the experimental current was placed under the root sign in Equation 46. 

will be seen, by a comparison of vaiues of the current calculated ané found experimencaily, *s. that che dis- 


erepancies them, in spite of ite geat variation oa the valve of b. are small, Excep- 
are formed by values cunents at low acid concentration, 


Desendence of the of the iim:ting Curent on the “Catalyst Concentration.” The vaziation of the 


ichoifg current with the quinine conc ertzatioa is shown in Fig. 6. The points correspord to experimental val- 


“ses 1) linearly ewrapoiated to the same concentration. will be seen from the figure that, as the 
zuinite Concentiation increases, the current ‘tends to a definite limit, whi ch, as already pointed out, is deter- 


sized Sv the rate at which hyd:oge= iors are presented to catalyst molecules at the elect-ode surface. This 
sacme inference follows from analysis of Equation 46. As the concentration of the catalyst +s :rcreased, the 
socom teim of the denominator of the expression in Equation 46 increases, so that, when a certain concentra- 
of cuinize ts atrained, the vaiue of the first term caa be neglecied in comparison the second, and 
Sous 36 Secomes i = + 


Tre cak ulated values of the cures (as col: umn, Table 1) agree with those found experimentally. The 
es presented in Fig. 6 are from Equation 46 (R= 740 miczoamp _liter?/ mmole?and b = 0,7 
mmoles. eaperiméemal ‘points wei s well to these curves, 


- 


Determination of the Value of the Zatalytic Currert. Calculation shows that, of for the catalytic 


taxe not the value but ats true vaiuei, (see Fig. 1 of the previous communication [1}), then the 


+ar.atcon in the value of d (for a co:responding value of R) is greaciy reduced, and the agreement between 

calc lated and expetimetial vaire: of ihe cwrent is veay much improved. Farly good ag:cement between cal- 
~ cated and foind values of the curzen: is found also when the value 1,4. at the middie of the section of the 
catalytic wave between thé maximum acd minimum, is taken as the value of the limiting catalytic current. 


‘the wave 


ne value of “ae is readily measured in mani, and it may therefore be wed for analytical purposes, 
2zeas fo: the determination of i, it is necessary to obtain the sane polarographic’ curve and Carry out cum- 


calculations. it is thus to take the value i, an 25 the value of the cwrem, 


Evalzation of From the numerical of the ovezall constants we may 


- Calculate certain quantities that are involved in them. By use of the values - 


Re 740 micioamp mmole® = 740 amp liter®/ mote and $= 3.38 - “107 


& 


For particles, such as B and BH. we may as the of the 
equal to about 1- 10" ‘iter’ _ The of for hyd:oxonium fons on the cathode must be greater by 


¢ z 
‘ = x 
. 
4 
: 
ha 
a 
: 


saturated with ar ees ions, Equation 46 takes the form: 


occupied by a hydtuxonium ion on the electrode surface is about 10 (A)? thea ; 


and apt is about 5-10” liter/ cm? The value of ky; is therefore of the order of 4° 10% em?/ mole. sec. 


find that k = 3- liter® /em*. mole. sec. 
mole: sec. 
is abour 10° times as great as the rate constant for the interaction of quinine with the hydroxonium ion. 


(semica*bazide. pyridire). and also by the results of the authors cited [2, 3, 4] the relation observed between the 
limiting currents and the composition of the solution is similar in all cases to that found in catalysis with quinine 
We may therefore suppose that the hypotheses advanced here are reflections of — laws appiying to the cata- 
lytic current at a dropping mercury electrode. 
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H*}s 


DH*}e 


When the concentration of acid in: the solution is very high and we may assume that the anal swface is 


Here, (DH* 7 lim Is the limiting surface concentration of bylcontaiem fons. If it is assumed that the area 


yim 10%: 6-107 107 mote/em* 


The value. of the constant ks car be obtained from Equation 31. 


Using the value p = 7.8- 104 microamp” and assuming that « BH = 2.33 we 
If we assume that = ag =1- ” sper value of ks will be of ms order of 3° 10 cm’ 
Thus. the constant for the rate of formation of a hydrogen molecule from complexes of quinine with H atoms 


As is shown by the results of our experiments with other proton donors (e.g., NH,*) and various Catalysts 


take this mianteatnd of expressing my great tntepecnes to Prof. M. B. ‘Neiman for constant interest in a the - 


SUMMARY | 


1. ‘The equations have been verified quantitatively for the 

_ 2. The experimental results nine that the rate constant er the lentnetion of hydrogen molecules fies qui- 

nine hydrogen atom complexes is about 10° times as great as ‘the rate constamt for the interaction of quinine and 
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- ‘actor of scveral powers of ten. Its value can be estimated as follows. According to Equations 4 and 6: . ing 
ff 
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HETEROGENEOUS EQUILIBRIA IN THE 


- 


There are.no ans in the liter rature he solubility relations in aqueous syste.ns containing both 
lithium chloride (a salt of one of the lightest Gioup ! mecals) and rubidium ot césium chioride (saits of the heavi- 
- es known alkali metais). The investigation of the chemical interactions of these components in aqueous solutions — 


‘is of theoretical and practical imerest. 


: ‘It is well known thar lithium compounds accompany rubidium and cesium compecine in minerals, ‘soils, , and 
‘Natural waters of various origins, the concentrations of all these compounds being generally quite small. Lithium - 
chloride gives hydrated double salts with many bivalent-metal chlorides: Voskresenskaya and Yanatyeva [1] who 
studied the sytem LiCi —MgCl,—# . obtained a salt of composition LiCl - MgCl, ° 7ti,0; Basset and Sandersen 
(2}. investigating the system LiCi -CoCi found several double salts, such as LiC! CoCl,- 21:0, 7L1Cl - 
2CoCl,* 18H, and 3LiCl - 2CoC!,- 6H, together with solid solutions over certain conceitiation ranges; and 
Benraht (3, 4] showed that LiCl formed similar types of double salts with nickel, manganese, and copper chlorides. 


The study of these systerns is of interest also because rubidium and cesium chlorides resemble lithium chlo- 
ride in forming double salts of the same type with salts of the same metals. Thus, in hydrochloric acid solution 
they form double salts with the chiorides of copper, iron, zinc, cadmium, and manganese. From aqueous solutions 
containing cobalt chloride. beautiful dark-biue and lilac prismatic crystals separate. and these include the com- 
pounds CoCi, RbCl . CoCi,- 2RbCi 2H,O, CoC], - CsCl - 2H, CoCi, 2CsCl - CoCl,- 3CsCl - 
[5] Rubidium and cesium carnatiites PoC! - MgCi,- €HD and CsCl - MgCi2- 6H, the analogs of MgCl, 
7H, are found in nature. On the othe: hand, no hydrated double saits could be detected by Novoselova and Sos- 
novskaya [6] inthe system LiCl—BeCl,—H, nor by Blidin [7) in systems — lithium chloride — 
with chicrides of calcium, strontium, and barium. Le 


PERIMENTA i i 


Prepatation of the Starting Sebsc anaes Methods of Chemical Analysis 
and Investigation : : 
Lithium chloride was prepared from pure lithium carbonate by dissolving it in chemically pure hydrochloric 
acid. The dried product was dissoived in alcohol, and the solution was evaporated down on a water bath until crys- 
tals of lithium chloride formed. The rubidium and cesium salts were recrystallized and then checked analytical- 
ly; the results obtained corresponded to chemically pure substances, : 


‘Chlorine was determined both gravimetrically and by Mohr titration with 0. 01N AgNOs. Rubidium and ces- 
ium were determined as chloropiatinates, the same precipitation conditions being as in the determination 
of puasium. Lithium was determined by difference from the total amount of chlorides. 


"In onder that. our results ‘concerning the behavior of the components should be as as we in- 
vestigated the isotherms at 25° and 40°.. The solubility investigations were carried out in an electrically heated 
water thermostat, in which the temperature was maintained constant within + 0,1° by means of a toluene therme: 
regulator. The determination of the solubility of lithium chloride was carried out in a reaction vessel havingan 
oil seal, increasing amounts of rubidium or cesium chloride being added; or alternatively, a saturated solution of i 
ee subid ium or cesium salt was taken, and increasing amounts of lithium chloride were added. 


The solutions were agitated with a glass stirrer driven by an electric motor. The mixtures were stirted at sae 
- €onstant temperature until equilibrium between liquid and solid phases had been established, which generally re-- 
6-8 hours, as Indicated by the results of chemical ona number oft test “After the mixture 


a 
; 
ae 
et 
: 
‘ 
ax 


anaiyzed fo: chlor and tubidium or cesium, 


: enich is pact. cally unaffected by a ‘mixture of ether and alcohol, iz is decomposed by this mixture, 


residue [3] The solubility sesults were on Roozeboom expressed 


ang tsotherms for the System LIC! = 1,0. 


and 2 ans in the Giagrams (Figs. 1 and 2). 


~ 


Solid phase 
3,421.17 it 33 47.20} 52.80 52.04 6.70 
&. 39,6 22.92: 43.03 5.$7 35.63 | 28.72 } 
‘2-32! 55.46 | 32.20 | 3113 jee: sp 
7 36.45 | $2.61 ; 31.26. 3184 
£38: | 56.03 |] 
26 (25.85 22,22 | 53.83 48.27 | 15.64 58.15 - 
it (23.23 27.58.56.70° 4330 24.13 , 59.27: 
19.35'2:.48] 59,22] 40.78 {1307 | 6x02 uc: 
23 «12.98 27.45,5957! 4043 110.10 6478 - 
840 3. 36. 31{ 43.69 | 7.84 16750 
22. 53.121 46.89 - 325 |7912 | 


The compa of the type LiCl - was in habit to of rhombic syngony 


moved by prowing. _ Analysis of the érystals gave the following results: 
Found %: - RbC1 42.86; LICL 30.24;HO26.90 

Found %: “RbCl 81.64; LCI 94; 


nad settled the reaction sample 3-0, $0) of the liquid phase was by pipet and to 
two weighted ws.gning bottles. The weighed samples were in 100 ml flasks, and thea separately 


was removed in finely perforated silver spoon, “which setved as a filter, and the was per- 
formed exac*iy 2s far the liquid phase. The compositioas of the solid phases were determined by the Schreinemakers 


in the icvestigation of this system, and also of the system LICI -csc1- HO, it was én that as ene amount 
of RbCl (o: Cx}; acded to a saturated solution of LiCl was increased, the viscosity of the solction increased until 
the pure composents separated out into the solid phase. The ee data for the isotherms are tig, in Tabies 


The 25*and 49° isotherms have four sections, there are four solid phases: UCI - - 


Thus have led to the of two types this system: -2uc1- HD. 
and - The compound of the fisst type, which has a greater the com- 
ponects, fams Ctystats in — clusters 


, Composition of solid) 
{phase by wt.) ° 


(Fig. 4) Tse compound RbCl - 2LIC] - was less hygroscopic than LiCl; unlike the compound 3RbC1- LiCi- 


- In order: *o verify the compositions of the compounds obtained we prepared synthetic solutions conesponding 
to fi compomds, placed these in vessels, and evaporated them isochermally under reduced pressure. The crystals 
odtained were <azidly pressed between filter papers, and dried in a desiccator over sulfuric acid, the ctystals being 
spread out C= a truck layer of filter papers, which g:adually imbibed the part of the mother liquor that was not re- 
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40° Solubility Isotherm for the System LiCl —RbCI HO 
Amount by wt.) 
[weil 


Solid phase 


41.98 
46.68 | 3.47! 49,85] 50.15 Hp 
45.74 | 7.26 47.00] 53.0 4 


54.64. 
54.53 
56.26 
$7.11 
$7.36 


§.13 | 9.51} 45.36 LiCl - Hp 
18.24 | 43.74 

32.51 | 24.60 | 42.89 
30.22 | 27.14 | 42.64 


RbCl 2LiC1 Lici - “2H, 


| 
9. 26.44 | 25.46 48.10] 51.90 


12 118.45 25.66 $5.89 | 44.11 11.82 - 6347) | 
14, 9.78 34.63 55.59 44.41 20 (6559 4. 

| 2.50 [45.26 52.24 47.76 1.50 80.83 
‘TABLE 3 


25° Solubility Isotherms for the System LiCl -CsC1 
IComposition of solid! 


Point! Amount (% by wt.) 
No, [Lick ; CsCl. salts phase (% by wt.} Solid phase 


1 [45.95 45.95 
2 42-24 , 5.52 52.24,47.75 55.04 
'11.48 48.76; 51.24 53.50 
4 [36.38 16.54 47.02) 52.92 52.09 8.97 
5 32.63 j 26.47 , 36.90: 63.10 14.23 16,12 
6 [29.81 26.71: 33.48]66.52 | 46.92 21.50 
7 (29.03 | 40.65 ; 30.32! 69.68 - Hp + LiCl 4H poe B 
8 (26.38 | 44.26 | 29 36| 70.64 21.30 | 55.68 
1.48 | 47.65 | 30.87] 69.13 17.05 | 60,03: 2CsCl - - ap. 
10 [18.24 | 49,84 | 31.92) 68.08 15.02 | 61.48— 
11 |15.86 | 51.92 32.22] 67.78 - UCI + 
12 | 58.63 34.25] 65.75 476 | 84.90 : 
13 | 350. | 6148 35.021 64.98 157 | 89,07 ona 


wee 


The at the multiple on the ‘both in this enn in 
* system, are given in relevant tables (see points BC, and ™ These junction points were Crtemtnas by imere 
polation (by the intersection of two curves), : . 


The 25° and 40° solubility isotherms tenn three sections, and there are three solid ia ua- ~~ 


(2CsCl LIC] - 4HZQand CsCl. The compound 2CsCl LiCl - which had a — monoclinic habir Fie 
was more soluble than its components, 


This is though less so than bis decompond a mixture and alcobol 
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49° Sotubilicy for the LIC1 


Po:at__ Amount (h by int (fe by wt.) € of salts 


so, GCl Hp 


_| Composition of solid 


hase (h by wt. ‘Solid phase’ 


146.04 | 3.91 | 30.05 | 4995 | 55.53 
43.75 7.46 | 48.79 | 51.21. | 56.86 
4002 | 1463; 45.35 | 54.65 
5 (37.56 123.34 3910] 70.90. | 53.68 
35.71 |30,12 | 3417] 65.23. 51.06 
33.62 137.05 | 29.33 | 70.67. - . 
- 34,73 | 39,97 | 29.30] 70.70. | 23.07 
9 2449 45.83 | 2968] 7032 19.93 uci - 
22-1980 }4865 | 3155] 6845 | 15.81 
i2 ‘15.67 52.24 | 32.02] 67.91 CsCl + 2CsC1 - LiCl - point © 
| 650° 158.76 34.74] 65.26 3.13 CsCl 


separation of fine CsCl crystals. The results for the LiCt - were: 
Found $: CsCl 75.16; LiCl 9,52; H,O 15.32 
Calculated CsCl 74.64; LIC] 9,39; 15.96. 


ir ‘death be noted that as CsC} was added to a saturated solution of LiCl the naling a the solution increased, 
and at the points at compounds formed noticeable passage of solid into occurred. 


summary 
The 25% and | 40° solubility isotherms have been ned for the systems “ROH and 
uci —CsC1-H. 


2. The compoznds RCI - and SRbCi - LICl- 2H,0 have been found in the firs sytem, and the 
€empound 2CsCl - LiCi - 4H,O has been found in the second system, 
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CONDENSATION REACTIONS OF CAMPHENILA NECARBOXALDEHYDE 


‘WITH KETONES ‘AND ESTERS 


The (D by the of camphene has made 
this aldehyde comparatively accessbie fcz use in various syntheses. in this paper we describe our results on conden- 
sation reactions of 3-camphenilanecartoxaldehyde with various ketones, with echyl acetate, and with ethyl aceto- 
acetate. The condensation product ¢ of with acecone is an isomer of the a- 
£-tonones (i and Illa): 


It differs from them in having an endomechylene bridge, formed at the expense of the disappearance of a dcuble 
bord. & was of interest to Cetermine the e‘fect of this change of arzucture us the odor, and with this objective 
 symbeses were catried o:t of the iosmer of the ionones, the ketene II, sath aiso of a number of. its homologs ons 


When was with acetone in presence of ethoude as 
densing agent, compinns sesinification occurred. In presence of aqueous alkali, however, a product having b.p, 
139-340° (12 mm); a5 1.5035; «> 0.9705, was obtained; ir had a feeble camphozlike odor. Analysis of this 


substance gave a low value (by 1%) for carbon, which may be pert ae baa the Presence of some of the corres- 


When. in fact, es was distilled with acid, substance was obtained which anal-. 
yzed as CysH3— and had the following constants: b.p. 136-137°(11.5 mm); a5 1.5038; a? 0.9692; found 
MR 58.69; calculated fos Cyt, pr MR 57.38, exaltation 1.31. The ketone so oained (Il) was a pale green- 
ish yellow oily liquid having an odor similar to that of ionone. With semicarbazide it yielded 2 semicarbazone ae 
of m.p. 176-177°. The ketone was obtained in 43h yield. 


Khusnutdinov gave the following constants for this ketone: b.p. 1,5507; ae 0. 9721; 
Mp 58.20; semicarbazone, m.p. 164-165°. Khusnutdinov's preparation was evidently not free from the aldol 


The condensation of 3-camphenilsnecarboxaldehyde with 2-butanone in an alkaline medium went readily, 
- both in presence of aqueous alkali, and in presence of sodium ethylate, the yields of pure product being prac- - 
ticaDy the same in both cases (30% and 33%, respectively). In both cases the same condensation product was ob- 
tained and a small amount of the aldol form was yam. Distillation of the Product over camphorsulfonic acid 


> Similar work was carried ou in our laboratory in 1938-1940 by B. Sh. Khusnutdinov. B. fh. Khusnutdinov was 
killed in the Great Patriotic War, defending his Fatherland, and he left only a few constants of the compounds he 


"had prepared [2) The descriptions of the experiments and of the experimental conditions have not been imatien 
The work therefore had to be done again. 
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us to ssolate if in the pure mate, when it in composition to and had the following 
constant 42-144°(12 min), 1,5000; 0.9632; Found MR 62.99, Catculated for Cytt,0 F Mr 62,00; 
¢ 99. The ketone was an oily liquid having an oder to of fonone, Khusnutdinov gave the 
ollow:ng constants for this ketone: b.p. 139-140°(12 min); 0.9608; 0D 1.4980; MR 62,90; senticasbazone, 
200-201 


Tre condensation of ‘S-camphenilanecarboxaldehyde vith 2-butanone can two products avs and 


CH=CH = CH-CH = -CO-CH, 


According to the literature [3], the course, of the condensation reaction of aldehydes with acetone homologs ~ 
depends or zhe nature of the condensing agent used: when condensation occurs in an acid medium, it is the a- 
mezhylene gzoup that takes past. whereas in an alkaline medium condenation will occur with an a-methyl group. 


These investigations indicate that our ketone should be given the stiucture IV, and the structure [Va must be re- 


ga:ded a: tes: pz obable 


moewever, the investigations of Nametkin, A One Glagoleva, and Kho!mer [4] on the cowse of the con- 


. @easation of citral with 2-butanone have showr. that the course of the reaction in an alkaline medium depends also 
"on whether caustic alkali or sodium alkoxide is used as condensing agent. Condensation in presence of sodium etho- 


nde occurs ‘mn the l-pos:tion, whereas in presence of caustic alkali it occurs in the 3-position of 2-wanone. The 


two methyLonenes obtained by “methyl-condensation” and “methylene-condensation" respectively differ inapprec]s - 


adiy in phys:cochemical constants, whercas the melting points of their semicarbazones differ greatly. 


> ae analogy with the results of Nametkin and isagulyamts ir might be expected that the course of the cond+nsa- 
t10n reaction of S-camphen:lanecarboxaidehyde with 2-bimanone would depend on whether caustic alkali or sodium 


ecshox:dé is used. Investigations have shown, however, that cur products were the same in both reactions, Their 


:dentity was confirmed not only by their physical constams, which in this case may not be sufficientiy character- 
istic, but 2iso by the identity of their semicarbazones: in both cases semicarbazones of m.p. 195 194° were obtained, 
and :n admixture they showed no melting point depression. These results show that the course of the reaction {s 

the same in both cases. We did not determine the structure of the ketone: as stated above, it appears most prob- 
abie, on analogy with other Anvestigations, that condensation occurs at the I-positinn of 2-hutanone fat the a«methvl} 


Acetophenone and camphentlanecarboxaldehyde did not react in presence of aqueous alkali, and tre condensa- ~ 
tion was performed in the presence of sodium ethoxide. The potent, after distillation over camphozsulfonic acid, 
iad the folowing constants: b.p. 175-176°(3 mm);.nB 1.5585; d% 1.0365; Found MR 79, 18; Calculated 
€ gFiy2O F {MR 76.87; exaltation 2.31, The yield of pure product was 4th, 


The ketone obtained, 3- (3-camphenilyl)acrylophenone (V), wasa ‘viscous liquid a 
feeble spicy odor. is melted at 167-169°. 


3Camphenilanecarboxaldehyde readily condensed with oxide in presence of sodium ethoxide. The 


pure ketone, 1- -irconighonltyly-S-nathyt 4-hexadien-3-one (VI), had the following constants: b.p. 131-133° 


(5mm). ap 1.5200, 0.9627; Found MR 73.36; Calculated for 10.76; exaltation 2.60, 
A erone was a thick oily Liquid having a feeble spicy odor. 


The condensation of 3-camphentlanecarboxa dehyde with went very readily in pres- 


teme of sodium ethoride. The ketone obtained, after distillation over camphorsulfonic acid, had the fatlowing 
‘constants: b.p. 166-167° (5 mm); 15060; a% 0.9456; Found MR 81,49; Calculated for MR B0,00; 
“3 exaltation 1.49. No investigation to determine which of the two possible formulas (VD or Va) the ketone -possessed 
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was out, The was yellow oily liquid a feeble spicy odor. The of pure 
was 37h, The semicarbazone of the ketone melted at 152-153°, 


HC CH-CH = CH~CO =~ CH, HC. 


3-Camphenilanecarboxaldehyde condensed readily with ethyl acetate and with ethyl acetoacetate, The 
condemsstion product formed with ethyl acetate (VIII) had the ne Oy constants: b.p. 140-142°(10 mm); - 


25 1.4890; d%? 0.9893; Found MR 64.85; Calculated for CyH,0, F MR 63.64; exaltation 1.21. The ester, which - 


was obtained in 51.3% yield, was an oily liquid having a feeble odor. 


The condensation of 3-camphenilanecarboxaldehyde with ethyl acetoacetate was carried out in a peeunce of 
pepesteine. The condensation product (1X) had the following constants: b.p. 137-138.5° (2.5 mm): a} 1.4905; 
4% 1.0238; Found MR 74.64; Calculated for CyH2O, F MR 72. 89; exaltation 1. 75. The ester IX was a liquid me 
a feeble pleasant odor. yield of pure product was 46%, 


SCH 


When the ethyl ester of a -acetyl-3-camphenilaneacrylic acid (IX) was treated with semicarbazide, a product of 
m.p. 157-159° was obtained, and this corresponded in its analysis not to the semicarbazone of the keto ester IX, 
but to the pyrazolene derivative X, which arose by the otientnstion of a molecule of alcoko! from the semicarba- 


Hy. 
cy C =.N 
HC. CH-CH= _ 
| 
>CcH 
EXPERIMENT QJ, 


The 3-camphenilanecarboxaldehyde that we used as starting material was obtained by the isomerization 
of camphene oxide in presence of zinc bromide. In its turn, camphene oxide was prepared by the oxidation of . 
camphane by means of acetylene hydroperoxide in ether solution, boiled at 
84° (12 mm) and melted at 65-67°, : 


Condensation of with 


To a mixture of 25 g of the aldehyde, 37g of acetone, and 300 ml of water, 50 ml of 2 N caustic soda was 
added. The mixture was agitated in a shaker for 32 hours. The mixture was neutralized with tartaric acid and ex- 


* tracted with ether, and the ether extract was dried with calcined sodium sulfate. The ether was drawn off under 


slightly reduced pressure, and the residue was vacuum fractionated from an 1 Arbuzov flask. The — fractions 


Fraction L b. p. go-127° (12 mm); 1.4845 


‘ 
d 
. 
: 
2 
- 


: and the residue was vacuum-factionated from an Aibuzov flask, ylelding 


Fractions 1 and ut, after reftactionation in presence of a saan of camphorsulfonie aan yielded & pure pro- 
duct of 135-137°(11.5 man); p 1.5038; 0.9652; Found MR 58.69; Calculated for Cyticg) F 57,3¢; 
exaltation 1,31. . The reaction product was a pale yellowish green ~ liquid as an odor reminiscent of that of 


Found &: € 80.83: 80,72: 10.39; 10,30 


of the Toa solution of 1g of semicarbazide hydrochloride and 1. 5 of sodium 
acetate 1n a small amount of water, 1.7 g of the condensation product of acetone with 3campienilanecasboxalde- 


hyde was added, and pure methanol was added to this mixture uncil solutions was complete. The solution was shaken 
* and after 30 minutes the semicarbazone was precipitated, and was filtezed cff, washed with water, and dried (2.8 g 

of crude: product). After three crystallizations, from ethanol and mechanol alternately, the semicarbazone melted 
178-1 2 mach the melting point did nx change. 


of 3- -Camphénilanecarboxaldehyde with 2- Butanone. 


Toa mixture of 20 g of the aldehyde, 36 g of 2-butanone, and 300 ml of water, 50 ml of 2 Ne caustic ate 


: - was added. The mixture was agitated in a shaker for 50 hours. The mixure was cewralized with tartaric acid and 
extracted with ether, and the ether extract was dried with sodiem sulfate. The ether was drawn off, and the resi- 


was vacuum fractionated, yielding 


‘Faction b.p. 110-150° (16 mm): 1.4 g: 1.4890 
Fraction BI, b.p. 160-155° (16 mm); 10. 1.4980 

Residue 0.7g 


Fractions 2 and UI were again vacuum-fractionated in presence of camphorsulfonic acid, when drops of water 
were cored in the condeaser, A ys fractionation yielded &.2 g of condensation product having the following con- _ 
stams: b.p. 142-144°(12 mm); nb 1.5960; d7? 0.9632; Found MR 62.92; Calculated for Cy,H,,0 F MR 62.00; exal- 


“tation .99. The reaction product was an = liquid, faintly in color, and having an remiais- 
cent of that of ionone. 


Found © 81.1% 410,77” 
gD. - ‘Calculated C &1. 62: H 10.75 


The reaction was repeat ed under different A solizios of 2g of in 40 ml was 


"added to a mixture of 18 g of the aldehyde and 10 g of 2-butanone. The temperature of the reaction mixture rose 


10 43°, and it became dark red in color, After three minutes the soluticn was neutralized. with tarranc acid, di- 
immed wih water, and extracted with ether.. The ether extract was dried with sodium sulfate. Ether was drawn off, 


‘Fraction L b. P. 89-140" (11. 5 mim); 4. 5g - 

Fraction 0, b P. 140-143; s* (11. 5 mm); 3. 13: "D 1. 4980 2 

Fraction DL, b. 143. 5 mm): 1.183 1.4990" 
Fractions and Ol were distilled in presence a campborsulfoni acid ‘and yielded g of the condensation 


product, whick had the following constants: b.p. 149-142°( mn). 1.5000; 0.9630, 


Prepara‘ion of the Semicarbazone. The substance taken for reaction were 1g of wieniiiiiiiie bydrochlo- . 

ride. 1.5 g of socium acetate, and 1.8 g of the condensation product of 2-butanone with 3-camphenilanecarbox- - 
aldehyde obtained in an aqueous solution of alkali. After 20 minutes the semicarbazone was precipitated (the - 
weight of crude semicarbazone was 2. 9g). After four recrystallizations from ethanol and methanol, the Caan 


zone melted at 193-194. A tafth recrystallization did not affect the poiat. 


A semucarbazone was prepared also, in a similar way. from the condensation prodect prepared in presence of ; 
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depressed. 


| tartaric acid and extracted with ether The ether layer was dried with calcined sodium sulfate, and the ether was 


. Water, and extracted with ether, The ether-layer was dried with calcined qttom sulfate, ani, aes removal of 


of a product having the following constants was obtained: b.p. 131-133° (1.5 mm): 1.5200; 0.9627; 
_ Found MR 73.36; Calculated for CyH,0 “MR henicrs exaltation 2.60. The condensation product was a yellow 
liquid having a feeble spicy odor. 


of 3 with G-Methyl- -S-hepten-2-one 


. . 
. 


of 6-methyl-5 hepren-2-one. _ The temperature rose to 45°, and after three minutes the solution was neutralized with 


sodium ethexide, It at 199-104, and when two semicarbazones were mixed the netting point was nt 


of 3- -Camphenilanecarboxaldehyde with Acetophenone. 


"A mixture of 20 g of the aldehyde, 63 g of acetophenone, and 250 mil of water was taken aa 40 mi of 2N. 
caustic soda was added. The reaction mixture was agitated on a shaker for 40 hous, and was then neutralized with | 


then drawn off, and the residue fractionated under reduced pressure. The whote cf it came over at b S-67'Os mm), 
which oe to the boiling point of the original aldehyde and acetophenone. 


(+) the mixture of unchanged starting materials, a solution of 2 ¢ of sodium in 40 ml of alien was added, © 
when the temperature rose to 35°. After five minutes the solution was neutralized with tartaric acid, diluted with : 


Fraction 0, b.p. 204-210° (12 mm); 17.7 D 15579, 


A second fractionation yielded a product having b. p. 186- 188° (6 mm); n 1.5520; a? 1 035. "This, 
tise in presence of camphorsulfonic acid, gave a product having the pat PBs corstants: b.p. 175-176°(3 mm); 

nD 1.5585; 4? 1.0365; Found MR 79.18; Calculated for CyH,0 F,MpR 16.87; exaltation 2.31. The reaction pro- © me 
duct wes a thick oily liquid, greenish yellow in color, and having a faint spicy odor. 


Found %: C 85.24; H 9,10 
Cyt, Calculated &: C 85.04; H 8.72, 


Preparation of the Semicarbazone. A mixture was prepared from 0. 44 g of somicarbazide hydrochloride dis- 
solved in methanol and 0.66 g of sodium acetate dissolved in a small amount of water; 1g of the condensation pro- 
duct of 3camphenilanecarbox2ldehyde and acetophenone was added, and methanol was added umil solution was 
complete. After five minuces a precipizate of the semicarbazone was obtained, and this was filtered off, washed 
with wacer, and dried (weight ef crude se:nicarbazone, 0.7 y). After recrystallizafion from etkznol, from a mixture 
of benzene and hanol, and then again from ethanol, the se:iicarbazone melted at 167-169". A fourth recrystal- 
lizatien did not affect the melting point, 


Fourd %: N 13.90 
Calculated %: _N13.49 


Condensation of 3- -Camphenilanecarboxaléehyde with Mesityi ¢ Oxide. 


To a mixture of 20 g of the aldehyde and 15 g of mesityl oxide, a solution of 2 g of seine in 40 ml of etha- 
nol was added. The temperature tose to 40°. After three minutes the solution was neutralized with tartaric acid, - 


‘diluted with water, and extracted with ether; the ether layer was dried with sodium wun The ether was drawn 


off. and the residue was vacuum fractionated, sna 
Fraction L b.p. to 110° (7 mm); 8s 
Fraction H, b. P. 110-152° (6 mm); 1. 2 git 5150 


was distilled in presence of camphorsulfonic acid, and en, asa of a fractionation, 


Found %: 82.30, 110.51 
134%. Cotculated $: C £2.70; H 10.41 


"A solution of 1.5 g of sodium in 35 ml of ethanol was added to a mixture of 15.5 g of the aldchyde and 15 
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tartaric acid, diteed with water, and extracted with ether, “The ether extract was dried with sodium eulfate, and, 
‘ atter removal of ether, the residue was vacuum fractionated, — 


Ftaction IL b.p. 176- 187°(11.8 mm); 0% 1.5043 
Fraction bp. 187-189, $°(11.5 mm):. 12. 1.5080 

Residue: of resin 


Fractions U-and Dl were distilled over pasaihanniiteonte acid, ‘and refractionation of ek fractions then yielded 
“9s § g of a product having the following constants: b.p. 166-167°(5 mm); nD 1.5060; a2 0.9496; Found MR 81,49; 
“Calcuisted for 80.0; 1. 49. condensation was a otly a 
odor. 


C 83.37; 83.16; H 11,21; ; 10,98 
Calculated C 83.01; H 10.84 


of the Semicathasone. The substances taken for reaction were 0.77 g of semicarbaside hydro- 
chloride, 1.15 g of sodium acctate, and 1.8 g of the condensation product of 3camphenilanecarboxaldehyde with z 
-€-methyl-S-hepten-2-one. A precipitate appeared after one hour (weight of crude semicarbazide, 2.1). After three 
recrystallizations from’ benzene and ethanol, the semicarbazone at A fourth did 
not the melting 


of 3- -C amphenilanecarboxaldehyde with Acetate. 


Sodium (6 g) was granulated under a layer of dry toluene, the toluene was poured off, and a mixture, cooled 

“to 0°, of 100 ml of ethyl acetate and 1 ml of absolute alcohol was poured over the sodium. The mixture was cooled 
“with snow and energetically stirred for one hour while a solution of 20 g of 3-camphenilanecarboxaldehyde in 20 ml 
of e-hyl acetate was added d:opwise, When the whole of the aldehyde had been adced, the reaction mixture was 
stirred vigorously until the whole of the sodium had reacted. An addition was then made of 18 mi of glacial acetic 
_acid, and the mixture was cautiously diluted with water. The ethyl acetate layer was separated, and the water layer 
was extracted with ethyl acetate. The united extracts were washed with 120 m! of 6 N hydsochloric acid, and were 
"then washed several times with water and dried with sodium sulfate. The solvent was ren:oved » a water bath, and 
residue was vacuum fractionated, yielding 


F.action = tk p. to 125° (11 mm); 1g 


Fraction’ b.p. 125-140°(11 mm); 1.48800 ‘an 


Fraction b.p. 140-143°(11 mm); 16.9 g; 1.4885 


A of yielded 15 g of the which had the following con- 
stants: b.p. 140-142°(10 mm), 1.4890; d% 0.9893; Found MR 64.85; Calculated for Cults F Mr 63. 645 
1. 21. a liquid having a faint, pleasant oder, 


Found %: 75.81; H 9.82. 


Condensation 3- -Camphenilanecarboxaldehyde with: Ethyl 


: A mixture of 20 g of the aldehyde and 17g of ethyl acetoacetate was cooled to -10-15%, and 15g of pipesi- - 
“dine was added. The mixture was set aside in the cold. After 48 hours the reaction mixture was neutralized with 
_ Gilute sulfuric acid, washed with water, and extracted with ether, The ether layer was dried with sodium sulfate, 
and the ether was drawn off under reduced pressure. The residue was vacuum-fractionated, and yielded 


‘Fraction L bp. to 115° (12.5 mm); 4g 4 

Fraction Ut, b.p. 115-168" (12.5 mm); 2.8 1.4807 


: 
a4 
: 
: 


Two fea tlonatlons of Fraction 10 ylelded a product (15,9 g) liaving the following constants: b.p, 137-138.5° (2. § 
mm); nB 1,4905; 1.0238; Found MR 74,64; Calculated for Cuties MR 72. exaltation 1. 15, %wasa 
colorless of pleasant odor, 


‘ 


Calculated %: C 72.69; H 9.15 


Preparation of the Semicarbazone, The substances taken for reaction were 0.63 g of ; 
- Chloride, 0.90 g of sodium acetate, and 1.5 g of the coadensation product of 3camphenilanecarbosaldehyde vith = : 
ethyl acetoacetate. After two hours a precipitate pane = @. hs melting point — two recrystallizations 


Found %: 12,32 


with mesityl oxide, and with 6-methyl-S-hepten2-one. The products formed from acetone and 2-utanone have __ - 
odors that are reminiscent of that of fonone, and the paar obtained from the other —— have pleasar feeble e 
spicy odors. 


2 3-Camphentlanecarboxaldehyde hes been with acetate and with ethyl acetoacetate, 
yielding the corresponding esters, 


i 
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REACTIONS OF BIS(CHLOROMETIHYL) ET HELS OF GLYCOL: 
“WITH SODIUM ALKOXIDES 


B. A. and G. M. Vinokurova, 

halomethyl ethers Gor ether was prepared in the mid- 
dle of the last centry by hie chicrination of methanol [1] !n subsequent years some of the alkyl kziomethy! ethers 
attracted the attention of Butlerov [2] More detailed investigations of halomethyl ethers were made by Tishchenko- 

Berry [4] and Liresscheid and Thimme [5} The main method used for the preparation ef aixyi 
ethers was by the ection of an alcoho! and hydrochloric acid on formaldehyde (4). 


in 1945 the chio: omethylation reaction was ued for the preparation of the chloromethyl ethers various 
ols [6 7]. inthe case of the reaction is more complex and is by the forma- 
Tie object of the present work was the preparation of new glycol ethers, which have begun to acquire also os 


some p:2ctical imeress We have prepared bis(chloromethyl) ethers of ethylene glycol, 1,2-propanediol, 1,3-pr0- 
panediot, 1,3-butanediol, and 2-bvtyne-1,4-diol and have studied their reactions with sodium methoxide, etboxide, 
isopropoxide, butoxide, and isobutoxide; the 1,2- and 1,3-propanediol ethers were for the time. The 
conscams of the dence ethers obtained are given in Table L 


87-88 (12) ; 1.2206 14575. 44.3 
106.5-110 (13) 11824 $1.4572 220 
romety!) ethers. In the case of 1,3-butanediol, we obtained also a cyclic formal 


As the work cf Lichtenberger and Mastin [6] and of Dupomt [7] has shown, when sodium ethoxide reacts with 
‘ chloromethyl ethers of glycols, bis(ethoxymethyl) ethers of glycols are obtained. We have now carried out the 
reactions of bis(chiocomethyl) ethers of glycols with sodium alkoxides in a medium of the corresponding alcohol; 
the reactions of the bis(chloromethyl) ether of ethylene glycol with sodium butoxide and with sodium {sobutoxide - 
were ca:tied out also in an ether medium, in absence of the alcohol. In the case of the bis(chloromethyl) ethers 
@f ethylene glycol, 1.2-propanediol, 1,3-propanediol, 1;3-dutanediol, and 2-utyne-1,4-diol treated with sodium - 
_+°  methoxide or ethoxide, the reaction proceeded normally, and the corresponding methoxymethyl and ee 
ethers were obtained in 43-88% yields. The constants of the ethers obtained are given in Table 2. 


"When the bis(chloromethy!) ethers of ethylene glycol, 1 .2-propanediol, 1 ,3-propanediol. 1,3-butanediol, ond 
2dutyne-1,4-diol were treated with sodium alkoxides derived from isopropyl and higher alcohols, certain depanwes ~~ 
from the normal reaction were observed. In most cases, in addition to the normal seaction products, a formal was =~ 

_* isolated. fn the reactions between the bis(chloromethyl) ether of ethylene glycol and sodium isobutoilde and be- 
- tween the bis(chloromethy]) ether of 1,2-propanediol and sodium butoxide, in addition to the corresponding formals 
and full ethers bl * alrcols, prod wts were {isolated that in constants and elementary - 
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Yield 


CHACHA (5) 1.4033 | 1.0027 | 96.52 36,48 56.61 
CH PCH PCH LHOCH PCH, 68-70 (14). | 1.4045 | 0.9824 43.63 
Cy OCH HOCH stig ! 27-29 (14) | 1.4203 | 0.9308 20-66 [30.33 $7.20 
- £24635 (8) | 1.4100 0.9956 85 | 40,69 42.95 
(12) 1.4120 0.9760 $45.35 64,90 
wipe: Hs 392-202 (14) | 1.4148 0.9287 | 495 92.73 
114-116 ase! 1.4417 | 1.0663 543.25 89.43 


to mono(alkoxymethyl) ethers cf giycots. The reactions of the bis¢hlocometty!) ether of ethylene glycol 
with sodium isopropoxide and with calices § S-zoxide, however, proceeded in quite a different way from the others. 
In the fist reaction it was ict fourd isolate any of the bis{isopropoxy methyl) ether, the products obtained 
Seing th3 formal (diuisopicpoxy methane}, the of ethy!ene glycol, and a mixture of 
highs substances which could rot separated by distillation. In the with scdium butoxide, in addi- 
the formal and the normel reacticn product, a high-poiling substance w2s nolated which conesponded in 
p2 yescoctemical constams and analysis to tee substance of formula 


CH,OCH OCH CH PCH PCH CH PCH OCH, 
We -nay suggest, in explanztion of te formation of all these ariomatous nation that they result from the 
‘partiz? alcoholysis of the normal reacticz= products, Le. bis(alkoxymethy]) ethers of giycols. The suggestion of the 
possidil sy of the partial alcohoi ysis of 5:s{2: ethers of glycols is by some investigations of 
Mamedov carried out in 1942. [=] fod that dialkoxymethanes uée-go 2icotolysis, eves in an alkaline 
medium, an alkoxy gsoup of the e-her teing sepieced by the alkoxy group of the aiconol used: 


Hg 


CH, +CHPH—-+CH, = 


Howevez, experiments that we have carried cut cn the alcoholysis of the eee as ether of ethylene glycol, 

the bis(e:hoxymethyl) ether of and the bis(isobutoxymethyl) ether of 1,2-butanediol in weakly alka- 

ine medium did nox give positive cesuits. [9] has also remarked on the Ligh ability of acetals toward alka- 
ine reagexs. In weakly acid med:um the aXxobolysis of glycol ethers goes much mace readily and in quantitative 


yiele: thts was noted both by. Mamedov aad by ws. 
Tre alcohol pis of bis(alkoxyme: yD) chars of may be represented by ibe following 


“CHPCHOR CHOCHOR O-CH,(CHy, CHOCHOR 


‘ 
° 
129° af 


TABLE 
B.p. in °C (pressure MR 
(IC HO) CI, 117-120 1.3895 0.8206 38,09 
19-80 (14) 1.4192) 0.9771, 35.18. 
182-184 (18) 1.4210 0.9247; 64,16 
183-186 (13) 0.9797. * 81,22. 
64 (25) 1.4005 0.8254 47.03 
—-89-90.5 (15) «1.4200 9492 39.34 
124-125 (18) 1.4173. 9185 64.47 
OCH, 101-102 (12), 1.4130. 0.9170 59.82. 
EA HON (9) 1.4250 (0.9401 44.08 
—:142-143 (15) 1.4240 (0.9131 69,27 
LC HOCH OCH, | 129-131 (14): 1.4190 * 0.9062 68.97 
136-128 (S) 1.4255 ; 0.9199 | 69.00 
“CHg.,... . 120-193 1.4225 0.9117 ‘69,19 
182184 a5) 114260 0.9163 73.26 
CHg...... 130-182.5 (8.5) 2 4235 0.9064 “2. 68 
 CHPCH OCHS 185-158 (6) (1.4437 0.95% 
ICH PCHOCHE - 145 (6) 1.4400 -0.9506 71,53 


Calculated 


37.81 


(34,12 
“47.05 


64.18 
81.32 


47.05 


39,46 


64.18 
$9.57. 
43.95. 


68.80 


68.89 


$9.57 


68.61 


68.81 


13.42 


62.18 


. 
| : 
. 
“a4 
q 
64.18 


t= thie way the founatien of alt the by- “product can be explained. The constants of the thea ovtatied are shown in 
Table 3° 


should be noted that all of the given in the with exception of 
. gad disebutoxy-methanes and the bis(dutoxymethy!) ether of ethylene glycol, were prepared for the first time, the. 


onstants ef the’ compounds that have been prepared previously were a in accord with the values obtained 


However, a our do not agree those of Manedov. In caryirg out the synthesis of the 
ester of glycol according to the equation 


CHOH + 110 + 


Mazedov obtained two fractions, considered the first fraction b ?. 60- 88°[1i mail 3380. 8399; 14047 to 


$e the product of the ion of the ether CH: and in his contention Mainedov 
OCH = CH, 


ened mo: rec ular-weight determinations cal in benzene), double-bond estimation, and elementary ings 


Found %: Br, 0.2308; C 63,77; H 11.47; M1383 
Caleulatéd &: 2123: C 64,71; H 10.77; M 130° 


He ‘the second fraction b. p. 110-118° 5 mm} 0.9188; nb 1.4165 as the monotisobutoxymethy! 
ether of reer glycol: Found M 150. 37; MR 40. 59; Calculated M 148; MR 39, 33; . ; 


Found %: OH 12.3, C 56.75; H 11.59 
Calculated %: OH 11.48; C 57.00; H 10.8 


‘In the reaction between the bis(chloromethy!) ether of —— glycol and sodium isobutoxide we ps ob- 
ta:ned two products, their coustants being: 


1. p. 89-90.5°(15 mm); 1.4299; c™ 6.9492: Found MR 39. 34; Calculated = MR 39.46 


Found &: C 56.40; H 10,47 
Calculated C 56,75; H 10.81 


2. Bp, 124-125°(15 mm); Di. 4173; d¥ 0.9185; Found MR 64. 47; Calculates for MR 64. 18 


Found %: 61.29;H 11,22 
Calculated C 61,63; H 11110 


By to the ‘molec ular refraction ond elementary we established that the of b. P. 
.8$-60.5°(15 mm) was the mono(isobutoxymethy]) ether of ethylene glycol, and the product of b.p. 124-125°(15 
-_ was the bis(isobutoxymethy]) ether of ethylene glycol. Thus a comparison of ow resuks with those of Mamedov 


hows that products having similar physical consams have been taken to be two differem compounds, and thecon- 
stants of our mono(isobutoxymethyl) ether of ethylene glycol and Mamedov’s ether bed 
ene glycol do not correspond with each other. 


A study of our results and those of Mamedov concerning the of b.p. (S mm) 124-195" 


" (25 mm, forces one to the conclusion that we are dealing here with one and the same bis(isobutoxymethyl) ether of 


ethylene giycol, the only difference being that Mamedov's product was impure. In fact, the wide boiling range 


(3°) of Mamedov's product, and consequently the large discrepancy between theoretical and practical values of the 


‘ 


Preparation: of the Bis(chloromethy!) ‘Etner of 1,2- Propanediol 


molecular refraction, and also the analytical data —all these confirm this suggestion. The only perplexing point is 

Mamedov’ “s analysis fos hydroxyl. The cause of the difference in the experimental results obtained in our work and 

wnt that of Mamedov can be determined only by a verification of Mamedov's results [10} : R 
EXPERIMENTAL 


° wt: - 


- The bis(chloromethy]) ether of 1,2-propanediol was prepared by the of 1 
by the method developed by Lichtenberger and Martin, and also by Dupont and coworkess [6, 7} A mixture of 
206 g of 1.2-qwopanediol and 155.8 g of powdered paraformaldehyde was introduced into a round-bogtomed flask 
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"D 1. 4592; Found MR 39,03; Calculated for CgHyO,Cl, MR 39. 41, 


lachrymatory properties. 


Preparation of the. Bis(chloromethy!) Ether 3- 


~ A current of dry hydrogen chloride was passed through a mixture of 145.5 g of 1,3-propanediol and 114.5 g of para- 


- tien of sodium isopropoxide prepared from 8.6 g of sodium and 300 ral of absolute isopropyl alcohol. The procedure 


tion yielded: 
_ lated for CrH Og MR 37. 81. Mamedov found b.p. 118-119°; 1D 1.2865; 4 0.8197. 


Found MR 35. 18: Calculated for MR 34. 72. 


Action of Sodium’ Butoxide on the Bis(chloromethy!) Ether of Ethylene Giycet : 


* nee shaken solution of sodiwn butoxide prepared from 8.6 g of sodium and 220 ml of absolute butyl alcohol The mix- 


surrounded with a cooling mixture, and was stirred carefully A strea n of dry hydrogen chiotide was passed through 
the mixture until full saturation was attained, After 5-6 hours, two layers formed. The upper, water layer was * 
poured off, and the lower layer was dried with calcium chloride and fractionated from an Atbuzov flask. The frac- 
yielded the bis(chloromethy!) ether of 1,2-propanediol, yield 44-49%; b.p. 87- 1.2195; 


Calculated %: Cl 41.04 
‘The bis(chloromethy!) ether of 1, 2-propanedio is 2 clear Liquid that fumes in au ard a ant 


The bis(chloromethy1) ether of 1 ,3-propanediol was prepared similarly to all of ee other such ata ethers. 


formaldehyde, When saturation was complete, the two layers formed were separated. The lowér layer, anoily li- 
quid, was dried with calcium chloride and fractionated from an Arbuzov Gnk. Two fractionatio:s yielded the re- © 
quired ether in 79.10% yield; it had b. P. 103: (12 1.2254; 1.4600; Found MR Calculated for 
‘The ether of 1, 3-propanédiol is a that in air ard a sharp 
oder and somewhat Iachrymatory properties. ¢ 


Action of Sodium Methoxide on the 1) Ether of Eth lene 
A solution of sodium methoxide was prepared in a 509-ml round-bottomed flask, fitted with reflux condenser i f 
and dzopping funnel, by addition of 11.5 g of sodium to 200 ml of absolute methanol, and was cooled to about room 
temperature, To the constantly stirred solution, 50 g of the bis(chloromethyl) ether of ethylene glycol was then eo 


added dropwise, when a precipitate of sodium chloride immediately appeared and the reaction mixture became 
warm. Reaction was completed by heating of the mixture in a water bath for one hour. The sodium chloride was 
filtered off, and the filtrate was fractionated from a flask provided wth a Widmer column. The Wwacttonstion gave 


a 56.Ci % yield of the bis(methoxymethyl) ether of ethylene glycol, b.p. 65-67° (15 a: 6927; 1.4033; 
Found MR 36.52; Calculated for CoH MR 36.48 


Action of Isopropoxide on the Bis(chlorometbyl) ether of Ethylene Glycol 
The bis(chloromethy!) ether of ethylene glycol (30 g) was added dropwise with shaking of the flask to a solu- 


was similar to that of the ae experiment, heating in the water ‘bath as for one hour, saecian a 


in 1 24 b.p. 117-120% 0.6206; 1.2895; MR 35, 09; Caleu- 


2. The mono(isopropoxymethy!) ether of ethylene | P. 79-80° (14 mm) eo. 0. 25 Di. 4194; 


: ‘< A mixture of high-boiling products, which it was not found possible to fractionste. 


“Experiment 1. The bis(chloromethy!) ether of ethylene glycol (30 g) was added dropwise to a ‘constantly 


> ture was heated in mn oil bath for 90 minutes. Fractionation yielded dibutoxymethane in 87.70% — it bas b. P. ‘ 
66-67" mum): 0.83¢-7; ‘4. Ecuund MR 46.52; C for MR 47. 05 


= Found 67.19;H 12.469" 
$e C 67.5; H 12.8 
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wment uc, The reactic on between and bis(chlosomethyl) ether of glycol was 
‘epeated under somewhat different conditions The alkoxide was prepared by the swelling method [11], and the re- 
stron was cated out tn an ether medium, as follows, The bis(chloromethyl) ether of ethylene glycol (45 g) was 
added dropwise to 53g of sodium butoxide in absolute ether, when the reaction flask became somewhat warm, 
_ When addition of the chloro ether was complete, the reaction was continued by heating the mixture in a water bath 
foc ten hours, Even after this prolonged heating, however, reaction was not complete, in order to free the mixture | 
trom the d:s(chloromethy!) ethes of ethyiene glyco!, which would have inevitably imerfercd 1n the fractionation, 
the contents of the flask weze tieared Si ih water, the reaction product was extracted with ether, ant the ether ex- 
was dred with calcium chloride and then fractionated, yielding: - 


‘Dibuzonymethane in 34.72% yierd: b.p. 6549, mam): 0, 8378; 1.4000, MR 47. 24; 
"Calculated for CoH MR 47.05. 


2. The bis(butoxymethy]) ethe: of ene g'yco! (13 0.9247: 1.4210; Found 


PCH LH PCH PCH LH ACH DCH, in 5.86% yield; it had the ba 
239-186" (13 mm): 0.9797, nf 1.4202; Fourd MR 81.22; Calculated for | 


%: € 58.37; H 10.22 
Catculaed C 58.44; H 10.98 


Action of on the Bis(chloromethy!) ‘ether of Erhylece 


“Experiment 1. The reaction was carned out in the usual way. The bis(chloromethy!) ether of ethylene 
giyco! (50 g) was added to a sotutior. of sodium isobutoxide prepared from 14.4 g of sodium and 200 ml of ab- 
tsobutyl alcohol, and the reaction was completed by the mixture in an oil bath for three hours. 
Fractionation of the reaction products yieided: 


1, Diisoburoxymethane in 10.15% yield; had 6364" (25 mim); d® 0.8254; Found MR 47,03; 
literature gives b.p. 164.3° and n> 1.4020 2) 


The meno{isob stovymethy 2) 2) ether oF ethylene g'ycoi (7.7 g), b. D. R9-90 mm}; ae 
4.4260; Found MR 34. soz MR 39, 46. 


Found C 58.80: H 10.47 
CHD, Caiculazed %: C 56.75; H 10,81 


‘3. The bis{tsobutoxymethyl) ether of ethylene giycol (7.2 b. P. 124-128" as man) 0.9185; 14173; 
Found MR Catculated for MR 64. 18, 


Experiment 2. The reaction between sodium. isobutoxide and the béstchlosoniethy!) ether of ro a gly- 

"2 “Col was repeated under d:fferent conditions, The alkoxide was prepared by the swelling method. To 53gofso- 
eium wubuoxde in ether, 50 g of the bis(chloromethy!) ether of ethylene glycol was added dropwise, and when 
_ the whole of the chloro ether had been added, the reaction flask was heated in a wate. bath for ten hours. How- 

_ .@vez, in this case also reaction did not go to completion. In order, therefore, to lydiolyze unchanged chlaro - 
-ether, the contents of the flask were treated with water, and the reaction products were extracted with ether. The . 
“ether extract was dried with calcium chior-de, the ether was driven off, and the residue was fractionally distilled: 

fom a flask having a Widmer column. The products were: 19,8 g of dilsobutoxymethane, b.p. 59-64°at 21mm; .. - - 
aS 1.4010 (the literature gives b.p. 164.3°; ap 1,4020 [12}) and 8 g of the bis{isobutoxymethyl) ether of ethylene ~.° 

_., b.p. 119-121°(12 mm); 0.9160; nf, 1.4179; Found MR 64.37; Calculated for MR 64. 18. 

_ was not found possible to isolate any pure substance by fractionation of the high-boiling fraction, - 


of Sodium Methoxide on the Bis(chloromethy!) Ether of 1, 2- -Propanediol 
. + ~The substances taken for reaction were 10,2 g of sodium, 200 ml of absolute methano!, and 30 g of the 
‘of 1 The mixtwe was heated the. water bath for cae hou, The 


how 
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stances were obtained: 


"Found MR 68.97; Calculated for MR 68.80, 


ether of 1 was isolated in 43, yleld; i nad b.p. 68-10° (14 inin); 4? 0,9814; 
"D Found MR 40, 92: Calculated for CH MR 41,09, 


Found %: C 51,31; H 9,94 
CHO, Calculated C $1.22; H 9.76 


_ Action of Sodium: Ethoxide on the Bis(chloromethy!) Ether of 1,2-Propanediol 


’ The bis(chioromethyl) ether of 1,2-propanediol (20 g) was added dropwise to a solution of 15.7 g of sodium 


E ethoxide in 250 ml of absotute alcohol, and the mixture was heated in a water hath for one hee. The bistethoxy- ge 
methyl) ether of 1,2-propanediol was isolated in 57, 20% yield; it had b.p. 87-69° rue a” 0. 9408; 1.4103; 
Found MR 50. 60; Calculated § for MR 50,33. 3 


Found %: 56,10; H 10,52. 
Calculated %: C 56,25; H 10.41 


‘The ether so obtained is a clear Liquid having a pleasant feeble odor. 


Action of Sodium Isopropoxide on the Bis(chl oromethy1) Ether 1,2-Propanediol 


The substances taken for reaction were 15 g of the bis(chloromethy!) ether of 1,2-propanediol and 14.2 g of 


2 . sodium isopropoxide. The mixture was heated :n a water bath foz one hour. oe bis(isopropoxymethyl) ether of 


1,2-propanediol was isolated in 54.73% yield; it had b. P. 101-102° mm); 0.9170; 1.4130; Found MR 59.82;- 


Cults Calculated % C 60.00; H 10,90 


Action of Sodium Butoyide on the Bis(chloromethyl) Ether of 1,2-Propanediol 


The substances taken § for reaction were 30 gz of the bis(chloromethyl) ether of 1,2-propanedio! and 33,3 g 
of sodium butoxide. The mixture was heated in an oii bath for one hour. As a result of the reaction, three sub- 


(10, 3 g), b.p. 47-48° at 4 mm; 0.8378; 4090; Found MR 47.24; Calculated 
aid MR 47. 05. 


2. The ether of 1 ,2-propanediol, P. (9 mm) a™ 4 0. 9401; 1.4250; Found 


MR 44.03; Calculated for CaH MR 43.95. (7g). 


Found %: "© 59,33; H 11.23 
Calculated §9,25;H 1133 


3. The bis(butoxy methyl]; ether of 1,2-propanedio!,(14 g), 142-143" 0, 9131; 1. 1.4240; 


Found MR 69. 27; Calculated for CisHiO, MR 68.80, 


Found %: C 62.68; H 11.24 
€ Calculated C 62.9; H 11,29 


“Action of Sodium Isobutoxi de on the Bis(chloromethy!) Ether of 1,2- -Propanediol 


The procedure was similar to that of the reactions described above, The reactants were 20 g of the 


__ bis(chloromethy!) ether of 1,2-propanediol and 22.19 g of sodium isobutoxide, and the mixture was hoaed in an 
~“@fl bath for one hour. The products isolated were 9 g of diisobutoxymethane, b.p. 48-52° at 13 mm; n® 1.4020; 


and 12.2 g of the bis{isobutoxymethy]) ether of 1,2-propanediol, ue 127-128° at 14 mm; a? 0. 9062; Py D 1 4190; 


Action of Methoxide on the Bis(chloromethy!) Ether 1,3- 


. The procedure was similar to that of the preceding reactions, The chloro ether (30 g) was added dropwise 


- to a solution of 18.7 g of sodium methoxide in 200 ml of absolure methanol, Heating was continued » 30 min- 


utes. The product was 12.2 g of the bis(methoxymethyl) ether of 1, Seapets, | b.p. 79° ad mm); a” 40 0008; s 


“a 1.4100; Found MR 40.85; Calculated for C7Hi0y MR 41.09, 


Found C 50,96;H 9.86... 
_Caleulated C 51, 225 H 8,76 
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‘n addition, 4,5 of 1, was obtained, it had b.p. at 8 mm; 1, 049% n nS 1. Found 
MR 13.91, Caiculated for CoH MR 19,10, 


Actton of Sodium Ethoxide on the Ether of 


The bis(chloromethy!) ether of 1,3-propanedic] (20 g) was added dropwise to a solution of 15.72 g of _ 
‘sodium ethoxwe in 300 m! of absolute ethanol, and the mixtuze was heated in a water bath for 90 minutes, 
Sodium chioride was filrered off, and the filuate was vacuum fractionated, yiclding = bis(ethoxy methyl) 
ether of 1,3-propaned:ol in 83. 39h _ it had b.p. 97-8.5° (14 mm); ag 0. 9470, nd > 1.4130: Found MR 50.55; 
Caievined for CHa MR 50 33, 


Action of ‘Sodium Isoptopoxide on the Bis(chloromethy}) Ether of 1,3- Propanediol 


To 18.9 g of sodium isopropoxide, 20 g of the bis(chioromethy)l) ether of 1 ,3-propanediol! was added drop- 

wise, and the mixture was heated in a water bath for one how. Sodium chloride was filtered off, and the filtrate - 

_ was fractionally distiliéd from a flask fitted with a Widmer.column. The ether of 1,3-p10- 
panediol was obtained in 70% yield; it had b.p. 106-105° as siete a” 0. 9220; sind 1 4160; Found MR 59.87; Cal- _ 


Found %: 59.67; H 10.87 
Calculated %: C 60,00; H 10,90 


Action of Sodium Butoxide on the Bis(chloromethyl) Ether of 1, 3-Propanediol ’ 

+ The procedure followed that of ihe preceding seactions, 22.19 g of sodium butoxide, 350 ml of absolute 
butyl alcohol, and 20 g of the bis(chloremethyl) igs of 1,3-propanediol being taken. The p-oducts obtained were 
dibutoxymethane in 37.85% yield, b.p. 58° (8 mm); nD 1.4090; and the bis(butoxymethyl) ether of 1,3-propane- 
diol in 55.24% yield, b.p. 136- “138° (9 mm); 0. 14255; MR 69,00; for 


Action of Sediom Isobutoxide on the Bis s(chloromethy!} Ether of 1,3-Propanediol 


The procedure foilowed that of the preceding reactions, the reactants being 15 g of the bis(chloromethyl) 
ether of and 16.6 of sodium 256 ml of absolute isobutyl alcohol .The products 
were 4.7 g of diisot woxyniethane, b.p. 169-2€1°; +4010; and 13.7 g of the ether 

of 1 3 b.p. 120-123° at 8 mm; 0. D +4225; Found MR 69.19; Caiculated for 


Action of Sodium Methoxide on the Bis(chloromethyl]) Ether of 3- 


The reaction was carried out in a round-bottomed flask fitted with dropping funnel and reflux condenser. 
Tre bis(chloromethy!) ethe: of 1,3-butanediol (30 g) was added dropwise to 17.3 g of sodium methoxide in 200 
mi of absolute methanol, The reaction was completed by heating the mixtwe in a water bath for one hour. The ° 
ether of 1;3-utanediol was isoiated in 64.9% it had b.p. 79-80° (12 mm); 0. 9760; 
a5 ‘1.4120; Found MR 45,39; for MR 45. 


Aetion of Sodium on the Bis(chloromethy!)_ Ether of 1,3- Butanediol -_ 


ys & RG ~The reactants were 14.54 of sodium ethoxide im 300 ml of absolute ethanol and 20 g of the bis(chioro- 
methyl) ether of 1,3-butanediol. The bis(ethoxymethyl) ether of 1,3-butanediol was obtained in 45.4% yield; 
it had b mm): 0. #381; 1.4148; Found MR 54.93; Calculated for Me 5 54.95, 
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Action of Sodium on the Erher of 1, 3-Butsnediol 


To a solution of 17.54 g of sodium {sopropoxide in 250 ml of absolute isopropy) alcohol, 20 g of the 


_ bis(chloromethy}) ether of 1, 3-butanediol was added dropwise, The product was 13.9 g of the bis(tsoprop> 


oxymethl) ether of 1,3-butanediol, b.p. 11 mm); 0, 9159; n 4170; 64. 


Calculated C 61.53; H 11, 


Action of Butoxide on the Bis(chloromet hy1) Ether of 1,3- ot 


The procedure was similar to that of the preceding reactions, the reactants being 20.5'g of sodium buoxite; 


in 250 ml of absolute butyl alcohol and 20 g of the biaichiensnettiy® ether of 1,3-utanediol, The products iso- 


-_ lated were 10.2 g of dibutoxymethane, b.p, 74.8-75.5° (17 mm); n¥, 1.4085; and 9g of the bis(butoxymethyl) ether 
of 152-154° (15 mm); dg? 0.9163; nf} 1.4260; Found MR 73.26; Calculated at MR 73.42. 


Found %: C 63,81; H 11,22 
Calculated C 64.12; H 11.45 


Action. of Sodium Isobutoxide on the Bis(chloromethy!) Ether of 1, 3- 


The reaction was carned out as usual, the reactants being 20.5 g of. sodium isobutoxide and 20 gofthe | 
bis{chloromethy) ether of 1,3-butanediol. The products ‘solated were 4.5 g of diisobutoxymethane, b.p. 160°; 
1/4039; and 20.2 g of the bis{1sobutoxymethyl) ether of 1,3-butanediol, b.p. 130-131. 5° (8.5 0. 
p 1.4235; Found MR 73.68; Calculated for CyHy0, MR 73.42. 


Found %: C 63,99; H 11,35 
Cute Calculated %: C 64.12; H 11.45 


pe of Sodium Methoxide on the Bis(chloromethyl) Ether af 2- -Butyne- -1, 4 Sena: 


The reaction was carried out as usual, the reactants being 8.85 g of sodium methoxide in 150 ml of ab- | 


solute methanol and 15 g of the bis(chtoromethy}) ether of 2-butyne-1,4diol, The epecenags” greet ether of 


2-utyne-1,4-diol was obtained in 89.43 yield; it had b.p. 114-116° (11 mm); a? 1.6493; a5 1.4417; Found 
MR 43.85; Calculated for F MR 43,71, 


Found 54.64; H 7.76 
Calculated %: C 55,17; H 8.04 


“Aetion of $odium Isopropoxide on the Bis {chloromethy!) Ether of 2- -Butyre- -1, 4-diol 


_ The reactants were 13.4 g of sodium isopropoxde in200 ml of absolute isopropy! akohol am Bg df te tischloro- 
methyl) ether in 2-butyne-),4diol. The product isolated was 7.3 g of the required bis(:sopropoxymethyl) ether of . 
2-butyne-1,4-diol, P. 138-140° 0. 9748; 1 1.4398; Found 62.16; Calculated for F 


Found “i C 61,99; H 9.45 
Calculated C 62.17; H 9.56: 


of Butoxide on the Bisfc hloromethy!) ‘Ether of 2-Butyne-1,4-diol 


The reactants were 15.7 g of sodium butoxide in 200 ml of absolute butyl alcobol and 15 g of the chloro 


ether. E was found possible, after several fractionations, to isolate 1,7 g of CBeangmetnas, b. bP. 55-58* (6 mm); and 
13.2 g of the bis(butoxymethyl) ether of 2-butyne-l, 4-diol, b.p. ae 0. 4437; Found 
71, 53; Calculated 4 MR 71,39, 


Found C 9.89 


Calculated C 65,11; H 10,00 


‘ef Sedtuia Isobutoxide on ‘the Bis(¢hloromethy!) Ether 2- 


: “The chloro ether (15 g) was added dropwise to a solution of 15.7g of sodium isobutoxide in 200 ml of ab- 
solute isobutyl aleohol. The products isolated wese 2 g of diisobutylmethane, b.p. 159-161% 1.4005; and 


11.7 of the bis(isobutoxymethy!) ether of 2-butyne-1,4-diol, b. (6 0. 9506; "D 1. MR 
calculated at MR 71.39, . : 


Found 65.96; H 9.68 
Cateutated C 65.11; H 10,06 
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Ether of 1, 3-Propanediol - 


Atsohotysis ‘ef tte S:s(ethoxymethyl] 


A of sodium: ethonde obtained by dissozving 0.1 g of sodium in 40 ent of absolute 
‘was introduced a bottomed Mask fitzed with reflux condenser, and 8 g of the bis(ethoy ymethyl) 

ether of was added. The mixture was heated in an of] bath for four hours. Ezactionstions 
35 mi ofa azce of b.p. 73-112° and 6 g of a substance of b p. $1°(11 mm) and af, 1.4126; the 
was3.2'¢ T-.e boiling and refractive index of the second substance irdicates that it is the 
ether of 1,3-propanediol. No alcoholysus products were detected in this ‘case. 


Alccbotys is of the Bis(butoxymethy!) Ether of Ethyfene Gi iy¢ ol. 
of 105 mi of absolute butyl alcohol, 4.1 g of the bis(butoxymethy!) ether of ethylene gly- 

col, and 2 of the 5:s(chioromethy!) ether of ethylene giycol was heated for four hors. 
of the reaction procucts an Arubzov fiask gave 2.7 matezial of b.p. 59-62° mm); a5 1.4058; 
0.8354; and 0.5 g of waterial of b.p. 83-92° (10 mm); 


The substance of p. 59-62°(10 mm) corresponded to The of b. p. &8- 92° 
(10 mm) was protad!y the monoether of We did not succeed in any of the 


Alco’ tolwsis ef tse 


A micce of 4.7 g of the 1,2-propanediol ether and 190 mi of butyi a2coho! was piaced in a round-bor-" 
tomed flask frze= with reflux condenser, and two drops of the bis(ch!oromethyl) ether of 1,2-propanediol were : 
acéed. The mistze was beated at the boiling point of the alcohol for three hours. Fractionation of the reaction | 
procucts Say! atcoho! ard also 2.1 g of dibutoxymezhane , b.p. 60-63° (9 mm); 1.4060, 


Alcozolyvs:s cf tte B: s(isobutoxymethyt) Ether of 1. 3- fo Weakly Alkaline 
A x‘ ture of a solution of sodium isobutoxide prepared by dissolving 0.1 g of sodium in 
| + 76 wl of isobyi 2icote: and 10.3 g of the b-s(isobutoxymechy!) ether of 1,3-butanediol was heated ar 106° for 


fow isobutyl alcoho! and 9 g of the bis(isobutoxymethy}) ether of 
b.p. 2 22-154" = =m. in this case, therefor no aicobolysis of the ether.cccurted.* 


mixtwe of 70 mi of isobuty? alcohol, 2 g of the bi ether ot 
Two of the ether of 1,3-butanediol was heated, alcsholysis of the ether 
was observed. of the products priced isobutyl alcohol and b.p. 
162-2 365 65° and Tae literature b.p. 164.3%, | 4020 


1. A sity tas Seen’ made of the chloromethylation of and 1.3-propanediols, and this has resulted in 
the of she cortesponding bis(chloromethy]) ahers, which have not been described previously. 
A tas Seen made of the reactions of the bis(chloromethy!) ethers of ethylene glycol, 1,2- and 
1.3.tanediol and 2-butyne-1,4-<diol with the methoxide, ethoxide isopropoxide, butoxide, and 
isobutoxide of so¢:um. These reactions have resulted in the preparation of the comesponding bis(alkoxymethyl) 
pes: _ ethers of the glycc!s and also the mono{isopropoxymethyl) and mono(isobutoxymethyl) ethers of ethylene glycol. 


3. It has Seen established that in the reactions of alll of the investigated bis(chloromethy!) ethers of gly- 
Cols with sodium and with sodium isobutoxide, by-products, Le., dibutoxymethane and dilsobutoxy - 
‘methane, are formed. Also, in the reactions of the bis(chloromethyl) .ether of ethylene glycol with. hp 
‘isobutomde and of the ‘bis(chloromethy}) ether of 1,2-ps0panediol with sodium buroxide, not only the cor- 
_ fesponding acetal and dis(alkoxymethyl) ethers were formed, but also the comesponding mono(alkoxymethyl) 
_ ethess of these glycols As a result of the reaction of the bis(chloromethyl) ether of ethylene glycol with sodium _ 
‘butoude. addzica to dibwoxymethane and th of the slycol, the compound 
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“4. “Hypotheses have been advanced in explanation of the formation of the acetals, monoethers of the 


Y. Licteaberger, L. Martin, Buti. Soc. ciim. 72, (1943); = 
[8] Sh. Mamedov, Bull. Affil. Inst. Acad. Sci. USSR No. 4, 145 1242) 
L Guden. Methods of Organic Syrthesis. MIL No. 1.(2934). 
A. E. Arbuzov, Catalysis Phenomena in the of some Compounds of Phosphor, Kates. 3914 
1123 Beilstein Handbuch der org. Ctem., No. 1, 574-575. 


7 
ray) 7 


ISOMERIZATION OF TERPENE HY DROCAK2ONS aY THE ACTION OF S{LICA GEL 


UNDER THE OF ANALYSIS 
B. A. Arbuzov ‘ane Isa eva’ 


In terpene chemistry the aphic method to be at the of the thirties of. 
this century, and the method is now faisly widely applied in the study of mono-, sesqui-, di-, and triaerpenes fi- 
_ 22). The sorbent generally used for the chromatography of terpene compounds is aluminum oxide, although wher ~ 
‘ sorbents have been wed, e.g. activated charcoal and, very rarely, silica gel. The main, determining factor in 

the application of one or other sorbent is its chemical inertness toward the substances to be chromatographed, but 
the major:ty of substances that are used as sorbents ate active catalysts for reactions of isomerization, polymeriza- 

tion, oy:dation, splitting, ete. There are numerous examples i in the the action of 

on substances undergoing separation [12] 


in 1951 we began an investigation of the behavior of some terpene iydrocarbons on wes nat under the con- d 
ditions of adsarptional analysis, with the object of determining the possibility of applying silica gel to the chroma- 
tographic separation of mixtuzes of terpene compounds. In a study of the behavior of separate tespens hydrocar- 
bons toward silica gel, we found that, under the conditions of adsorprional analysis, a-pinene, a3 “carene, and di- 
pentene are isomerized by silica gel. Among the <somerization products of a -pinene we fourd camphene, dipen- 
tene, and terpinolene, and among the :somerizazion products of ¢:pentene, terpinolene and p-cymene were iden- - 
tifted. A*Carene isomerized into dipentene, and via dipentene into terpinolene. The acticn of silica gel on a- 
pinene, A*<carene, and dipentene was thus found to be analogozs co che action of actuvated clays on these sub- 
stances, a thorough investigation of which has been made by Tishcbenko, Rudakov, and others, 


The isomerization of terpene hydrocarbons under the action of clays was first observed by cachet 13] in 
1915, who observed the isomerization of a-pinene in pesence of fuller's earth: among the reaction products, to- 
gether a large amount of polyterpenes, he found campnene ard taces of monocyclic terpencs. Tichcherte 
and Ma:ga [14] confumed Gurvich's results. Similar results were cbtained by Tsutomu Kuvata [15] by the action 
of acidic Japanese clays on pinene. Venable [16} fourd, in 1932, that terpinene was whea d: was 
heat ed with fuller’s eanh. 


In 1933, Tishchenko and Rudakov n71 in a study of the action of various active clays on a -pinene, found 
the optimum conditions far the preparation of campnhene in high yield. This reaction was later studied by Rudakov 
[15] in greater detail. and among the reaction products camphene (59-59%), fenchene (5-6%). monocyclic ter- 
penes (30-40%), and polymers (5-10%) were found. Dipemtene, according to Rudakov's results [18] is isomerized 
under the action of activated Clay into terpinolene, which is then convened into a terpinene under the action of 
the same catalyst; also, pcymene, p-menthene, and polymers are formed in the reaction, Among the products. 
formed ducing the isomerization of A®carene under the same dipemene, in 
very small amount, and polymers were found {19} 


When camphene ts heated in presence of clay, the main reaction are P- 
cymene and borneol were identified among the products (20) The isomerization of terpene hydrocarbons was per- - 
formed by Rudakov and coworkers at high temperatures, 160-180°, Hence, the isomerization of a -pinene, A®*<car carene, 
and dipentene on silica gel under the conditions of adsorprional analysis is — to that occurring on activated © 
clays, but considerably milder temperature conditloas are required (6-109. 


_. @-Pinene, when passed through a silica-gel column, gave a miawe of reaction products, which 1 was capanenad: 
into 18 fractions by fractionation through a 24-plate column. The results are summarized in Table 1 and are pre- 


sented graphically in Fig. 1, The fractions of zone A, which formed 10% by weight of the reaction products, con- .. - “ 


sisted essentially of camphene; we did not establish the nature of the impurities present. The fractions of zone B 
. -” consisted of pure camphene, The fractions of zone D consisted of a Zone C was an intermediate | 
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Table 
*saction [pre 


; Bp. in T (pressure 


53-54 


4 
: . 
+ $444.5") 
| 


57.5. 
59 


63.5-66 


°16-16.5 


415-4 
4445.5 
45.5-47.5 
3 ‘Residue 


in mm Hg) 
$2,5-53 


(755 mm); n¥ 


4,63 
3.67 
3.37 
2.68 
8.98 
4.76 
24.29 
2.74 
: 1.27. 
1.4730 3,75. 
1,4740 10.15 
1.4727 4.66 
1.4733 5.62 
1.4720 6.64 
1.4840 3.02 
3.71 
1.4890 3.65 


fraction, tezpinolene formed 9% of the re- 
action products (zone E), and the residue 
(6%) was uot investigated. Dipentene and 
terpinolene were idemified by preparing 
their Te-pinolene is an iso- - 
mezizazion product of dipentene, as was 
shown by 2 specialexperiment. -  * 


These resaizs on the behavior of a - 


’ pinene on silica gel are in corflict with the 


statement of Tishchenko and Rudakov [17] 
concemung the iré:ffezence of “samples of 
highly active siixa gel’ toward pinene, 
which they made in the course of a discus- — 


Sion of the mechaa-sm of the tsomerizing 


action of variow clays on pinene. 


The obtained in the of 


‘the action of sthea gel on dipentene under 


conditions of adsorptional analysis are 


given in Table 2 and presented graphically 


_ in Fig. 2. As wil! be seen from Table 2, the 


isomerization of dipentene with silica gel yields 
a complex mixture of reaction Products. 


the. com poneats the of z zone A ae weight of the reaction products) were a small” 
: amount of pcymene (identified by oxidation with chromic anhydride to tereptehalic acid and the preparstion 
~ from the latter of us dimethyl ester) and a product that polymerized when treated with sulfuric acid. The con- a 
stants of Fraction B, ween formed the bulk of zone A, were close to those of a terpinene (b.p, 173.5-174,8° 
D 1,477). The substance of b.p: 57.5°(12 mm), however, gave co derivatives of @+ter- 
pimene: we aud not succeed in preparing the maleic anhydride adduct of @ terpinene, nor the nitrosite of a ter- 
pinene, and the natwe of this substance (Fraction []) was not established. Zone B (34%) was unchanged dipemtene: 
Fractions and VIL gave dipentene tetrabromide, m.p. 122-123° when byominated. Fractions of zone Dcontained 
terpinolene, identified by the preparation of its teurabromide, m.p. 116-116. S*. The fractions of zone: -E andthe ~ 
residue aher the distillation were not 


3 (12) 19.9 
: 
Pics 


TABLE2 


Frace Bp. in °C 


‘These results show that under the conditions of adsorptional analysis, silica gel iso.nerizes dipemtcne lute 
terpinolene, which undergoes further transformations, some idea of which can he forined from ihe e fact that Lames 


¢ymene was found among the reaction products, 


Tik resulis the of the action 
of silica gel on A®-carene unde: the cond:- 
tions of adsorptional analysis are presemed 


“seen that only 37% isomerization occurs. The 


carene, and zone C contains intermediate 

"fractions, The main component of the frac- 
tions of zone D (19% of the reaction products) 

’ was dipentene: bromination of these frac- 
tions yielded the tetrabromide, m.p, 122-123°, 


(2), contained terpinolene, which, as shown 


pentene, The tetrabroinide obtained from“ 
.. Fraction XO melted at 115-116°. The com- 


and was not 
“EXPERIMENTA L 
terpene 


for che investigation of the behavior of such 
substances on silica ge! under the we 


Weight 


mm 


tion {pressure in 


Pinene p.p. 40° (12 mm): D 4650; 0, 8596), from ‘sulfate 
. | Se-pisee column, was passed through a silica-gel column. The activity of the silica gel with respect to benzene | 


9.48mi. The weight tatio of pinene to silica gel was 1: 1.5, The catalyzate from four a) 
_ was fractionated twice through a St-plese column, and the results are wor ia Table a , . 


"Brow rinsticn cf the F Fr-ction. of: 64-76° (25 min) 
"A solution of 2 g of the substance of b.p. 64-76° (25 mm) in 7ml of aie ether and 5 ml ‘of “ain ‘said < was 


| .. added dropwise to a solution of 2 ml of bromine in 10 ml of dry ether, which was cooled with snow. The precipl- 
tate was crystallized from alcohol; m.p. 115-117°; after a second crystallization from alcohol, m.p. 122-122, 8% 


’ {mn Table 3 and F:g. 3, from which it will be © | 


Fraction XI, represented in Fig. 3 by zone E : 


position of the fractions making up zones F e- 


fractions of zones A anf B contained unchanged 


above, is formed by the isomerization of di- -— 


. 


% 54-57.5 (12.5) 4.5 1%722 0.8451 3.57 of adso:ptional analysis, a-pinene, A*-carene, 
Hi’ 57.5 (12) - 15.7 j 1.4772 0.8395 | 12,18 and dipenters, were passed through a water- 
56.5-57 (17.5) 13.2 ; 1.4763 0.8449 10.24 _ cooled silica-gel column. The height of the 
ivi 53.5 (10) 193 14760 0.8424 1.99 was 1500 mm, and with respect to 

45 1.4753 0.8429 13.41 meter the column was divided into three pacts: 
Vi 40.542 (6) ! 35 | 1.4753 0.8461 ' 2.79 the diameter was 12 mm in the lower part, 24 
wal 4245 (6) | 53 | 14750 0.8475 | 4.11 mm in the middle part, and 39 mm in the up-- 

VOL! 4548 (6) | 16.4 | 1.4838 0.8551 | 12.72 per part. The silica gel was contained in the 
Ix “to 5-61. (6) 5.1 | 1.4893 -0.8652 | 3.96 lower and middle parts of the column, The 

65-66 (8) i 5.2 ; 1.4900 0.8713 4,03. ” activity of the silica gel with respect to ben- 
, @) ; 5.5 1.4897 ‘0.8608 4.27. zene was 9-11 ml. The weight ratios of ter- 
XH 63.5 (15). 2.7 1.4905 0,8732 2.10 pene hydrocarbons and silica gel are given be- 

XI 63.5-65 (7) ~ 10 1.4922 0.8768 «1.76 ‘low for each separate case, For the elution of 

"Residue Gwiscous liquid), the hydrocarbons from the adsorbent, alcohol 
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gravity curve (Fig. 1, zone D) was caused by the high specific gravity of Fraction XII, as compared with Fractions 


Tabie third, m.p, 122-123, A mixture test. 
with dipentene tetrabromide showed no de- 
Bp in Weight . Yield pression of melting point. 
Bromination of the Fraction of b.p. 
341.5 (8) 12.8 1.4740 0.8586. 6,12 44°(1.5mm) 
46.5 (8.5) 11.9 1.4730 0.8595 5.69 The tetrabomide was prepared from 2 
- 465-47(8.5) 6.3° 1.4730 0.6604 . 
oy Ley g of the substance of b.p. 44° (7.5 mm), 2 mi 
56.5 (13) | gleohol, and after three crystailizations from - 
SB (14); S4 1.4726:08612 | 258 
i ethanol it melted at 121-122*. A mimure 
89 1.4720 0.0618 | 13.30 dipentene dibromide melted at 121-122°, 
60.5 (16) | 1.4720 , 0.8615 , 12.34 
46.5-48(6.5)) 5.5 1.4878 j - i 2.63 Asolution of 2 g of the substance of 
x= i 47.5~<8 (6) | 1.5033] 0.8653 2.44 b.p. 41.5-44°(6.5.1nm) in 7 ml of ether and 
Resdue | 25.8 | 12.34 - ml of amyl alcohol was added to a cooled 
_ and constantly stirred solution of 3 ml of bro- 


melting point of which after the first crystal- 
lization fom alcohol was 105-111°(1.3 g). 
After the second crystallization from alcohol 
_ the melting point was 111-114°(9.9 g). After 
_ a third, it was 115-116°(0.5 g). The meli- 
ing point of terpinolene tetrabromide is 116°, 


Investigation of the Camphene Fraction, 
_ B.p. 52.5-53° (21 mm) 


A mixture of 3,1 g of the substance of 
b.p. 52.5-63° (21 mm), 10 g of glacial acetic 
acid, and 0,3 g of sulfuric acid (sp.gr. 1.82) 
was heated in a water bath for 2 hours 39 min- 
utes, The reaction mixtwe was cooled and 
poured into water; the upper layer was sepa- 
sated, washed with water, and hydrolyzed 
with a solution of 2 g of KCH in 15 ml of 
ethanol, the mixture being beated in a water 
ture was poured into water, a sesinous layer 
separated, and filtration yielded a small 
amo of betaine, which \ was DEN off on filter paper and air-dried, It melted at 175-190° in a sealed capil- .. 
lacy. i was readily sluble in the cold in alcohol, ether, and acetone. Melting point after recrystallization from : ; 
gasoline, 194-197°. The weight of substance was 2.2 g (62.8% yield of isoborneol). The melting point of isoborneol = Z 
from the Ural works was 193-199°, after recrystallization from gasoline of b.p. up to 130°, The peak on the specific se 


ditéeet column (activity of silica gel 11 ml) was fractionated through a 24-plate column ed 14 fractions. The Fs 
. we.ght ratio of dipentene to silica gel was 1: 1.4. The ‘dimensions of the vac column are ancy above. me a 


The results the fractionation are io 2... 
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Teastment of the Fraction of B.p. 57.8° (12 min) with Sulfuric Acid. 


_The substance (3 ml) was shaken in a 10-ml cylinder with three portions of 70% sulfuric acid and then with © 7 tg 


_ & portion of 80% sulfuric acid, when the upper layer attained a constant volume of 1.9 ml, The upper layer (red- x 
duh brown) was separated, neutralized with a solution of sodium carbonate, washed with water, and extracted with ‘” ‘ 
ether. The ether extracts were’dried with calcined potassium carbonate, the was driven off, ard the residue 
was vacuum distilled, yielding the fractions: . on 

Fraction I, b.p, 55-57" 5 inm); 0.1 g; 1.4824 of 


Oxidation of the Substance of 5. p. 57.5°(12 mm) with Chromic Anhydride, ss 


The substan es taken for reaction weie 2.1 g of the substance of b.p. 57.5°(12 min), 10g dt che anhy- 
dride, 20 ml of 60% acetic acid, 10 ml.of water, and 9 ml of sulfuric acid (sp.gs. 1.8). The substance was added © 
carefully, with snow cooling, to a mixture of the remaining reaction components, and the rezulting miamuwe eas 

boiled geatly for six hours. The mixture was cooled and into water, that was 
filtered off and dried; weight 0.03 g. , oe 


Preparation of Dimethyl 


A mitwe of 0,03 g of terephthalic acid, by the of the of b.p. 57. 5° (12 
5 ml of methanol, and 0.5 ml of sulfaric acid (sp.gy. 2.8) was boiled for five hours. The mixture was cooled 
and powed into water, and the flocs that were precipitated were filtered off, dried (weight 0.02 g), and crystal- 
luzed trom methanol; m.p. 137-139*. The substance of b.p. 57.5°(12 mm) gave no adduct with maleic anhydride. 
Bromination of Fractions ili and Vii yielded a tetrabiomide of m.p. —! 


i Brom{nation of the Fraction of B.p. 45~48° (6 mm). 


A solution of 5 g of the substance of b.p. 45~48°(6 mm) in 10 ml of ether and 8 ml of amyl alcohol was 
added to a cooled and constantly stirred solution of 5 ml cf bremine in 25 ml of dry ether. After some time a 
prec ip:tate formed; it was filre:ed off and crystallized from ones weight 2.85 g, m. P. 115° Aftera second 


Crystallization, m.p. 116-11€.5*, 


Tsomerization of g*-Cesene 


A®Carene 54° (12 mm); a5 1, 4730; 0.8612} was twice a silica-get column (activity 
~ of silica gel 9,04 ml). The weight ratic of Wisuaee to silica gel was 1: 2. Fractionation of 219 g of cataly- 
zate through a 24-plate column yielded the fractions given in Table 3. substance of P. 5° a9 


‘Mot give dipentene tetzabromise when brominated. m3 


Btominat:on of the Fraction of p. 66° (17.5 mm). 


wi A solution of 2 g of the substance in 7 ml of ether and 5 ml of amy) alcohol was added to a cooled (now 


and salt) ard constantly stirred solution of 2 ml of bromine in 10 ml of ether. By the next day a crystalline pre- 
cipitate had formed. It was filtered off and air-dried; weight 2.8 g. After two crystallizations from alcohol: m.p. 
122-123°; weight 1.6 g. A mixture test with the tetrabromide obtained from — showed ng depression of 
melting point. . 


Bromination of the Fraction of B.p. 46.5-48° (6.5 mm). 


The substances taken for reaction were 1.8 g of the substance of b.p. 46.5~48° (6.5 mm), 2.1 g of bromine, 
19 ml of ether, and 4 ml of amyl alcohol. The procedure was similar to that described above. The melting point . 
of the tetrabromide was 113-114° after the first crystallization and 115-116° after the second, The residue remain- - 
ing after the catalyzate was not 


v1. @-Pinene, ‘and are on under the of 

_analysis: @-pinene is isomerized to camphene, dipentene, and terpinolene; A*<carene to dipentene and terpino- 
lene; and dipentene to terp:nolene, which then undergoes further uansformation. In the furst two Cases the tere 
pinolene is formed by the isomerization of dipentene, ; 


2. The isomerization of @-pinene, ‘arene, and dipemene by silica gel under the condis ions of 
tional analysis is analogous to their isomerization by activated clays at temperatures close to the boiling points - 
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ig 3. The results obta ined for the uomeiteation of a by sillea under the of 
: analysis do not accord with the assertion by Tishchenko Rudshov conreming the of “samples “ 
A, wimerstein, G. Stein, Z. Chem, 220, 247 (193), 


G. Vavon, B. Gastampide, Compes rend., 226, 1201 (1948). 
(3) G. Vavon, 8. Gastambide, Comptes rend., 228, 236 2949), 


[4] F. ‘Sorm, 3. Mieziva, L Arnold, Pliva, Collection Czech, Chem. Comm. 14, 699 c. A. 
9353 (1850). : 
[5] F. Sorm, F. Vonatek, Czech. Comm. 14, C.A. 44, 5847 
Sorm, j. Mleziva, ‘Amold, Collection Czech. Chem. Comm. 14, 693 (1949); C. A. 44, 9383 
E. L Deleys, Pliva, Collection Czech. Chem. Comm. 15, 82 (1950); C. A. 45, 


[8] V. Herour, V. Rubicka, M. F. Sorm, Collection Czech. Chem. Comm, 373, 
C. A, 46, 474 (1950). 


(2): 3 G. Kirchner. 5. M. Miller, G. 5. Keller, Anal. Chem. 23, 420 (1951); ¢.. A. 45, 5075 (1951). 


[20} So:m, M Laoral, J. Ariem, J. Pliva, V. Herow, ‘Collection Crock, Chem. Comm, 16, 47 
A. 46, 8059 (1852). 


o. Dux, 0. Jager. L. Ruticka, Helv. Chim. 32, 46 (1549). 


i Tsekhmeister, History, Field of Application, and Methods of Chromatogr, 
1, Cellected Amicies, Moscow, 1949. . 


A. Guvich, J. Russ, Chem, Soc., 47, 
Vv. Tistchenko and V. Marga, J. Russ. Chem. Soc. 60, 1009 (1928). 
(15) G. A: Rudakov,. I. Gen. Chem., 15, 261 (1946). 
C. S. Venable, Am. Chem. Soc. 45, 128 (1923), 
v. Tisachenko and G. A. Rudskov, J. Appl. Chim. € 691 
MGA. Rudaiov, J. Gen. Chem., 10, 1673 (1940). 
A. Rudakov and G. A. Antamonov, J. Gen. Chem., 18, 15 (ass), 
pe G. A. Rudakov and LL Gulyaeva, J. Gen. 16, 251 (1946). 


- - - - 
> Mie 


. 
: 
: 
= 
é 
‘ 


"OPTICALLY ACTIVE ORGANOMERCURY COMFOTADS. 


‘COMMUNICATION 2, MECHANISM OF ELECTROPHILIC SUBSTITUTION AT A SATURATED CARSONATOM” 


“The mechanism nucleophilic. substitution in he stighstie series has been the ofa 
investigations, The results of numezovs investigations, mainly on the kinetics of the hydrolysis of alkyl halides, led : 


IngoM, Hughes, and coworkess [1] to the conclusion that exis two fos nucleophilic sub- ; 
‘stitution at a saturated carbon atom: - 


Swain [2] has recently confirmed the existence of two mechanisms for the hydrolysis of alkyl halides, but stowed = =a 
thar the course of the bydrolysis was more complex, being in each case a termolecular process (reaction proceeds : 
_. when, and only when, a carbon and the halogen attached to it are attacked simultaneously). Hence, an intersive © 


Study of the Lydrolysis of alkyl halides has resulted. in the elucidation of the mechznism of substitution 
saturated carbon atom. 


at yet. however, there are no facts that us to an idea of the mechs- 
.°- . gism of elecurophilic substitution at a saturated carbon atom, or, in particular, of its stereochemical course (ia- 


Wesson, racemization, maintenance of configuration?). The object of the present work was the we 
the sereochemistry of electrophilic subst ution at a saturated carbon atom, 


As an object for investigation we have chosen the electrophilic substitution reaction cccuring i mer- 
cwic reacts with the di(—)-<menthyl estez 
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The symmetrical organomercury compounds that we required were obtained by the symmetrization of the pure 
(“Saneathy!l esters of acid, the syrtheses of which have been dese. 


in the preceding communication [3]. In the course of the preparation of the symmetrical sarting com- 
+.) pounds it was found to be necessary, and also possible, to solve the question of the mechanism of the vreau 
. 2ation of organomescury compounds of the aliphatic series under the action of ammonia. 


In the of one of the of the exer of 


_ the of the sollowing tomes of the este: mereusb sylacenc acid} are formally 


1. if symmerrization is accompanied by preservation of the configuration of the asymmetrical caiSon atoms 


_ tn both molecules of the original substance, thea only one isomer of the final symmetrical eqgraoreneny com- 


pound (: or Ti according to the configurator of the starting substance) can be formed. 


2. £ symmetrization ls 2zccompanied by preservation of the conf:gwation of one molec ule of the starting sub- 


stance and racemization of the second molecule, then two isomers ( Cando Tard EL according to 
of the Starting substance; can be formed. 


3. symmetrizatioa is accompanied by of the Configuration of one 
substance and invetsicr of the configuration of the secord molecule, then oniy cae ‘somer caa be formed (a. fr-. 
of the configuratics of the starting substance), 


4. i symmetaization | is accompanied by inversion of the configuration of one of: ion siarting 
stance and racemization of the second molecule, then two isomers (a and or! and to the con-— 
of the stazting substance) casbefameal. - 


symmetrization ts accompanied by of the of molecules of staning 


substance, then only one fsomer (TI or : according to the conf‘guration of the sarcing substance) can be formed. 


symmetrization is accomeomed by racemization of both molec ules, then, inespective of the con- 
“figuration of the molecules of the starting substance, all three isomers organo-- 
‘mercury compound mus be formed 


Symmetization of the ()-menthyl ester of acid of and m.p. 161- 
~ 162° ~(duastereoisomer 1D results in the formation of one single isomer of the symmetrical olganomercury compound, . 
p72}. .4° and m.p. 119-122° Symmetrization of the )-menthyl ester of (t:omomerc.uri)phenylacetic acid of 
lelp —49.3° and m.p. 152-154° (diasterioisomer 1) results in the formation of a single but different isomer of the — 


_symmenical organomerc ury compound, having fe —1.7° and m.p. 118-120°. 


“‘Vanants 2. 4, and 6 are therefore eliminated, being in ‘conflict with the fare of the eminind of wei one 
~ stereoisomer of the symmetrical organomerc wy ‘compound, The fifth variant is impossible because the asym- 


.. metrical carbon atom of only one of the original molecules cf organomercury salt is affected in the symmetrizs- 
" tion. The third variant is eliminated by the fact that it would require the formation of the same isomer of the. 


symmetrical in the both of diastereoisomer 1 and of diastereotsomer 
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We must therefore conclude that symmetrization {s acccmpanied by the picservation of the configuratiors of 
asymmetrical carbon atons in both of the origins} substance® (variant The reaction 


In this case, therefore, the electrophilic replacement 
(R—HgBr + —> R—Hg—R) 
occurs with quemeteiton of the configuration of the asymmewical carbon atom. 


As far as we have been able to ducover from the literature, the mechanism of the symmetrization reaction 
has never been investigated: this is the first paper in this field. In all probability, the stereochemical course of 
the symmetrization of organomercury compounds of the aliptatic series under the action of alkali-metal alkoxides, 
alkali-metal cyanides and thiocyanate, pean. and other nucleophilic scope will be similar to that of the 
reactions we have investigated. ile 


As we now had pure diasteriomeric iaseimie’ esters of mercuribis[phenylacetic acid] lsiaieeal by the 
symmetrization of the pure diasterecisomers cf the (—)-menthy]! ester of (bromomercuri)phenylacetic acid), we were 
able to study the reactions of these substances with mercuric are substitution reac- 


“© The fact that the symmetrization reaction takes this course indicates that: the free electron pa is able to fix s 
- the — of a carbon atom as in the case of sulfur (4). 


. 


That the rupture of the bond will geocetd in the indicated in ‘the scheme will be seen from 


following considerations: rupture of the bond as indicated Sc? Hg is impossible since it is associ-" 
ated with formation of the anion HgBr, if the bond were homolyticatly Hg Br, 

the free radical formed would take up a planar configuration, which would lead to the a of two Glastereo- 
: isomeric symmetical compounds, instead of only one, 


eee ft can scarcely be doubted that reactions of this type, in which not only mercuric halide, but also highly TRAPS 
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The forination of the symmetrical organomere ury compounds eceurs, as has been shown above, with pre- 
servation of the of the carbon atoms in both molecules of the 


The reactions of the symmetrical organomercury Cc and D ‘with mercuric bromide may theoret!- 
cally proceed in the following ways: : 
1. The configu:ations of both carbon atoms may that case the ester 
of (b:omomercuri)phenylacetic acid otzained will be the diastereoisomer from which the giver symmetrical or- 
’ ganomercuwy compoundwas prep2zed (by symmetrization with ammonia). For example, in this case the symmetri- ref 
cal compound havarg [a] B-21. 4", which was prepared by the symmetrization of for which 
.5°, will react with mere uric bromide to give Ces for which if is again 
cB: 
and ne sym smetrical compound having fp -7. (obtained from 49.3 will re- 
“act with mercine * vremide give ete o:ganomercury salt haying {a -49. 
= ‘The Cort :guration of one carton atom may be prese ved, and that of the other may be inverted. ‘In that =i 
case Soth of the symmetrical organcmercury compounds, C and D, should give the same — eke reaction with Bo 
mercurse bromide: an equimolec ular mixture of diastereoisomers, 3 
3. The reaction of the symmetrical compounds with mercuric bromide may be accompanied by preververion. 
of the configuration of one carbon atom and racemization of the other half of the molecule*. In that case reaction 
- . Of the symmetrical organomercury com apound having [a 1D —21.4°, with mercuric bremide should give a mixture of | a 
diascereoisomers a —COOC pHi. of of the 5° and of the 
having [a -49. 3°; and reaction of symmetrical having [a 3-1 
should tive a mixture of diastereoisomers of of of the 
Actually, reaction of mercuric bromide both with the symmetrical compound having {a} and with 
_ the symmetrical compound having [e T yields an equimolecular mixture of diastereoisomers of 
— CH —COOC which constitutes a proof that the reaction proceeds according to the second variant, 
As itis obvious that reaction with mercuric bromide concerted with one ‘of two asymmetrical carton’ 
ato-s, we have not considered the following clearly improbable variants: 1) inversion of the configurationsof 7 
doth halves of the molecules; 2) inversion of the conjiguration of one half a the molecule and sacemization of eeey 
the half; 3) racemization of both halves of 
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* Before this inference concerning the mechanism of the electrophilic substitution of the symmetrical organo- 
mercury compound may be regarded as reliable, it {s necessary to remove one fundsmental difficulty. Since the 
’ peaction investigated is brought about by the boiling of an acetone solution of equimolecular amounts of the sym- 
metrical organomercury compound and mercuric bromide for six hours, it is necessary to consider the possibility 
of a secondary “racemization® of the unsymmetrical arganome:cury diasercoisonens formed, Such *zacemization® . 
be to occur when either of the diastereoisomers of is boiled in acetone sclu- 


HgBr 
tion with ‘bromide; latter is present in che mixture together with and 
cal organomercury compounds, for the reaction does not occur instantaneously, but over a fairly long period of time. 
In absence of mercuric bromide, no “racemization* occurs in boiling alcoholic os acetone solutions of the sym- d 

metrical and unsymmetical as the of the by factional 


A special investigation aunt that, unsymmecric al having [a } fo: example, 
fully retained its rotation after being boiled for eight hours in acetone solution, a six-hour boil of the acetone solu- a 
tion with mercuric bromide led to partial “racemization" *. The rotatory power became {a}, -80. 2° (the rotatory . 
power of the equimolecular mixture of diastereoisomers was [a] 5-73"). Hence, the reaction of HgBr, with 
is slow. This us reason to hope that in a of com- .. 


pounds msymmetrical organomercury compound, and mercuric bromide, the latter would react with the e symmetsicai 


A special experiment confirmed this supposition. In an eight-hour boil of an acetone solution of equimolecular | 
amounts of mercuric bromide and the symmetrical organomercury compound together with twice the amount of the 
pure diastereoisomer of we ee having [a Ip7 the mercuric bromide reacted only wih the sym- 
‘metrical compound, without affecting the unsymmetrical compound, On the basis of these experiments it may be 
definitely asserted that in the course of the reaction of di4—j-menthy! esters of een aie acid] with 
mercuric bromide there is no *racemization* "of the unsymmetrical] diastereoisomers, 


The formation of an equimolecular mixture of unsymmetzical diaxezeoisomers A and B by the reaction of a: 
symmetrical diaterecisomers and D with mercuric bromide proves. therefore, thar these 
reactions at a saturated carbon atom are accompanicd by inversion uf the configuration at this carbon atom: ° 


On the basis of this fact we may already the an Semen 
of the unsymmetrical. organomercury compound by mercuric bromide jxoceeds with inversion of configuration: 


. 
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sence. the substi teaction of mere une with e.:e1s of mercuribis- 


ac dj ts accompanied by inversion of the corTiguration of the asymmesrical carbon at: m, and the 
‘reaction of symmetrization of menthyl creuri)pherytzc etic acid are also electrophilic substitution 
“react ons, occurring with preservation of These cizcums:ances can be undeisood if it fs supposed 
Se mechaa:sm of electrophilic substitution at a caturaied carbon atom can vary according ‘the nature of 
xe azbon redica! a* the atom (or group. of atoms) being substitutéd and the nature of the solvent, as 
of nucleophile subsiizuion In that case, an electrophil:c substitution reaction proceeding with preserva- 
‘tet of configuration must correspond to nucleophilic subst reactions proceeding by mechznism Syl (more 
gee ately, by the “earbonium mechanism” [2)), ard an reaction proceeding with inver- 
- configuration must correspond to nucleophilic substitution feactions by mechanism s 
sately, by the “mec hanism of direct substitution” [2J). 


= 


. 


‘whereas necleophilic substitution reac tion», e.g. che of alkyl halides, go :ead:ly in 
3f pela: tec :rophilic substances, e.g. in fermic acid, electrophilic <ubstitution reactions ef o:ganomercury 
ovher ozganomerallic) compounds should be fac uated by the presence of poia: nucleophilic. substances, such 
3 as amconta, and this was found to be true in one of the cases that we investigated. 


The differesce in the coutses of she reactions that we tavesigated 
20 be in our by di ifference in mechani sm: 


This hypothesis, of course, ré quires verific-tina of kintic methods of investigation. 
Svmmetiization of the isomer of the (—)-Menthyl Ester of hicematsetbentinbeiede 


- 


mmon:a’ «as passed for two hours through a solution of 10 g ne ester of 

precylacene acid having 161-1€2* and —95° in 250 ml of dry chloroform. The precipizate ef chioro- 
was filtered off. The filtrate still contained some pork organomercury compound, ard 
oa; “—erefore again sa twated with ammonia and left overnight. The further amount of chloroamidomercury that. 

* termed. was filrered off (xotal, mount 3.2 g). azd the chlorofoim was evaporated off. The oil that remained solidi- 
‘Fee aker one day, and 7 g (Quantitative yield) of nontecrystallized product was obtained. After crystallization from 

sectancl it meited at 112-115*° and had ie = 14.1°(C = 3.44: 1 = 2; ap —0.87°). The substance was recrystallized 
“**her £om ethanol. The first secrematuiaiien gave m.p. 118-122°, [a 15 —17.5°(C = 4,05; 1 = 2; ap —1.259. The 
second rec rysta Dizgcion gave mp. 119-122° {a 15 —21°(C = 4.06; 33°). In further recrystallizations the 
power and melting point of the the remained the same; a the third were m.p. 


The filuate from the first recrystallization did not ‘comin any oher of fthe symmetrical organomerciry 


—e ‘only the same isomer, somewhat contaminated and in small amount, m.p, 119-122° and (215 21.4, 
2 5 isolated from it. Hence as'a result of the isomerization of the isomer of the (~)-merthy] ester of (bromo= 

mezcurijphenylacetic acid having [a —95° one singie isomer is of the ester of 
acetic acid} -21.4° and m.p. “119-122°.. 


“Sym metiization. of the Isomer of the (-)- Me nthy! Ester of 


- acetic _Aci¢ Heving a)! 
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Under the condit.ous of the preceding experiment, 7 g of the (-)~nenthyl ester of (bromomercuri)phenylacetic. 


acié m.p. and 018-49. 3° yielded of the 1-4-)-menthy! ester of acid} 


(93.8% yield), Recrystallization from methanol yielded 2.7 g of a substance of m.p. 118-120° and {a -8.140,15° 


(C= 3,38; = 2; @p —0.48°), Further secrystallizations did not affect the rotatory power and melting point; for 
after the second they were m.p, 118-120° [a —1,7° 0,3°(C = 3. 1=2; Fate 


“Found C 87.98; 57.90; H6.83; 6.70 
Calculated C 57.85; 6.74 


Preservation of the Configuration ‘the (—)-Menthy! Ester of 


acetic Acid during Boiling in Acetone Solution 


A solution of 0.7 g of the pure isomer of the (-)-menthy! ester of (b:omomercuri)phenylacetic acid having m.p. 
161.5-162.5° and [a 1p -95° in 50 ml of dry acetone was heated at the boil for eight hours. The acetone was evapor- 
ated off, and the remaining substance was crystallized from methanol, yielding a substance of m.p. 160-162° and 
{a —94.4°(C = 0.754; = 2; @p—13.25°). The of the molecules of the sudstance was therefore 


. Completely preserved under these conditions. 


4. *Racemization of the (—)-Menthy! Ester of (Sromomercuri)pbenylacetic Acid under 
ithe ‘Action of Mercuric Bromide in Acetone 


An soluticn of 0.5 g (0.0009 mole) of the ester of acid 


_ 158-159° and {a15 ~90.3°) and 0,35 g (0.001 mole) of mercuric bromide were heated at the boil for six hours. The 


acetone was pt off, and the residual substance was treated with chloroform, the undissolved mercuric bromide 
being filtered off. The sudstance that remained after evaporation of chloroform was recrystallized from methanol; 
m.p. 154-155% [a], ~80.2° (C = 0.74; 1 = 2; ap—1.04°). 


Under the action of mercuric bromide, therefore, slow ‘eanneaiieaion” of the ()-memhy! ester of (bromo- 


>. mercuri)phenylacetic acid occurs (the rotatory power of an equim.olecular mixture of diasterenisomers is —73°). © 


5. Reaction of Mercuric Bromide with the Di-(-)-menthyl Ester of Mercuribis[phenyl- 
acetic acid] in Presence of the (-)- -Menthyl Ester of (Bromomercuri)phenylacetic Acid 


An acetone solution of a mixture of 0.75 g (0.001 mole) of the di<-)-menthy! ester of m=rcuribis[phenyl- 


' acetic acid) (m.p. 116-118°: {a 15 -5.5°. 1.1 g (0.002 mole) of the memthyl ester of (bromornercuri)phenylecetic 


acid (m.p. 161-162°*; [a. Ft — 96°), and 0.36 g (0.001 mole) of mercuric bromide was heated at the boil for eight hous. 
The acetone was euapeeinel off, and the residual substance was crystallized from carson tetrachloride, yielding a 
substance of m.p. 157-158 ° and 85. 9°+1° (C= 0.781;1=2; 4 .18°). 


“Reaction of mercuric bromide with 0.75 g of the symmetrical compound yields 11g “a an equimolec ular 


_ mixture of the (-)-menthy] esers of (+)- and, (-){bromomercuri)phenylacetic acids having [a 15 773°. If we suppose 


that the mercuric bromide did not “racemize* the 1.1 g of the memhyl ester of (bsomomercuri)phenylacetic acid 
having (215 - — 96° that was added to the reaction mixwe, the rotatory power of the product would be expected to be 
—13°—96° 

aaa aad =—84, 5*. As will be seen, this value is practically the same as the rotatory power of the substance farmed 


‘in the reaction. Mercuric bromide, therefore, reacts with the cette compet without affecting the ae 


metrical one, the configwzation of which is preserved. 


6. "Reaction of Mercuric. Bromide with the Diastereolsomers the Di-(- j-menth 


a) A mixture of 0.9 g (0.0012 mole) of the ester acid} (m.p. ‘19-1225 
{a br —21.4°) and 0.43 g (0.0012 mole) of mercuric bromide was heated in acetone solution at the boil for six hours, 


: Completion of reaction was established by testing (with alkeli) for the disappeatance of merewic chloride from the re- 
action mixture. The acetone was distilled off, and the residue was crystallized from carbon tetrachloride, yielding a 


substance of m.p. 155-157° and [e 1B — 72.6°(C = 0.784; 1 = 2; @p—1.00°). A mixture test with known (-)-menthy! 
ester of Guetinmpeiidhendsceets acid (m.p. 157-158*) gave no depression of melting point (mixture melted at 


156-157°). Hence, as a result of the reaction an mixture of diastereoisomerci menthyl esters 
(bromomercurl)pheny lac etic acid was formed, 
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A mixture of 0 95 g (0.0013 mole) of the.di<—)anenthyl ester of mercuribis(phenylacetic acid) (m. p. 
[a = 7 7%) and 0 46 g (0.0013 mole) of mercuric bromide was heated in acetone olution at the bell 
‘or six hours. Completion of reaction was determined as in the preceding experiment, The acetone was distilled 
off, and the residue was crystallized from carbon tetrachloride, yiclding a substance of m.p, 157-158° and [a 15 —12.8° | 
(C2069 15, 0.87). A mixture test with known (-)-menthy! ester of (bromomercuri)phenylacetic 
*. (mp. 157- “158°) gave no depression of melting point (mixture melted at 157-158°). Hence, as a result of the 
-teaction an mixture of diastereoisomeric esters of acid was 


“Two diastereo:somers of the ester of acid) have been prepared in 


2. The mechan:sm of symmetrization a compounds of he aliphatic series under the action 


3. The stereochemical course of an “substitution reaction ata carbon atom has been in- 
; vestigated for the first time, the examples studied being the symmetrization of diastereoisomeric menthyl esters of 
(bromomerc uri)phenylacetic acid and the reaction of the diastereoisomeric esters of mercuribis[phenyl- 
acetic acid) with mercuric bromide. It has been shown that the electrophilic substitution reaction proceeds with re- 
tention of the configuration at the ee carbon atom in the first case, — with inversion of the configuration 
in the second case. : . 


“4. A hypothesis tes been advanced eu the causes oF the different stereochemical courses of the eiectss- 
philic substituri ion reactions in the cases investigated. 
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"con tetrafluoride and a two-fold excess of phenylmagnesium bromide was heated in a water bath, we obtained 


is in accord with data in the literature [5} 


of 


GRIGNARD SYNTHESIS OF TETRAPHENYLSILANE, TETRA-p-TOLYSILANE, 


“AND FLUOROTS1-p-TOLYLSILA NE. 


It is known from the Literature [1-3] that the synthesis of tetraarylsilanes that not exhibit high steric- 
hindrance effects, such as tetraphenylsilane and tetra-ptolylsilane, by the Grignard method may be effected only 
‘at elevated temperatures obtained by replacement of ether by a higher-boiling solvem. Under the usual condi- 
tions of syrzhesis, however, ever when a large excess of arylmagnesium halide is boiled for a long timé in an 
ether medium with tetrachlorosilane [4] a tetraethcxysuiane [3] the reaction stops when tke corresponding wi- 


. arylhalo- or triarylethoxy~ilane is formed. Our investigations have ¢7jawa, however, thar tetraphenyl- and tetra- 


ptolyl-<ilanes can be obtained in good yields under the conditions of the Grignard synthesis when silicon tetra- 
fluoride and excess of arylmagnesium halide are used as starting materials, When, for example, a mixture of sili- 


tetraphenylsilane in about 30% yield, about 14% of f! vorouriphenylsilane [5] being obtained at the same time. 

Under the same conditions tetra-ptolylsilane [6] w2s obtained in about 22h yield, and abou 10% of fluorotri-p- 
4olylsitane, m.p. 103-104", was obtained at the sare time. If however, stoichiometric amounts of the reactants 
are used (1 mole of SiF,to ‘4 moles of p+tolylmagnesiun bromide), then only fluorotri-p4« yisiizne is forin: ed, even 
(as in the case of the of 


EXPERIMENTA 


1. Tetraphenylsilane. Silicon tetrafluoride, obtained by dropping 300 mi of concentrated sulfuric acid into 


. a mixture of 25 g of sodium fluosolicate and 15 ¢ of fisely-ground glass, was passed over a period of five hours into 
-a ape erp stirred solution of phenylmagnesium troxnide prepared by dissolving 24 g of magnesium in a mixture of | 


500 m! of absoluze ether and 157g of bromebenzene. The ether was driven off, and the mixure was boiled ina 
water bath for four hours. The complex, cooled with ice water, was decomposed with 30% acetic acid, ether being 


added also. Ether-insoluble tetraphenylsilane separated, and was filtered off. Two crystallizations from toluene 


yielded 11.5 g (30% on the silicor tetrafluoride) of which we idemifie by its 
melting point (233-234°). 


Fractionation of the ether extract yielded a of b.p. 245-252°/ 30 mm, and from this, after 
lization from ether, we isolated 5.3 g of Beccomiphenyisilane in the form of 33% clear prisms, mp. 63-64", Seve 


Tetra -ptolylsilane. Silicon tetrafluoride, ottained from 12.5 g 150 m! of 
acid, = 8 g of glass powder, was passed over a period of three hours into a solution of 0.5 mole of ptolylmag- 


.. Nesium bromide prepared from 12 g of magnesiun, 450 ml of ether, and 85 g of p-bromotoluene. Ether was removed, 


and the mixture was boiled in a water bath for five bours. The complex was cooled and decomposed as described 
above, and the tetra-p-tolylsilane that separated from ether solution was from Sg 
(22%) of finely crystalline mp. 2 +227", : 


When the ether extract wes fi sutionzted, fr>cticus were collected. Fraction Lt b. >. ‘205-216°/ 35 mm, was 


. > €rystallized from ether, and 0.6 g of the iy-product p.p*-ditolyl, m.p. 121°, was isolated. Fraction 1 (5.4 g; b.p. 
 245-252°/ 35mm) yielded 2.1 g (10% on the Sif, taken) of fluorotrip-tolylsilane, m.p. 103-104", Fluorotri-polyl-. 
-* silane, like fluorotriphenylsilane, crysallizes from ether in the form of large clear prisms. Under atmospheric con- 


ditions i boils at 324-327* without decomposition. & js of good solubility in benzene, toluene, chloroform, and 
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‘ee centrated sulfuric acid, and 15 g of glass powder, was passed over a period of five Toucs into an ethereal solution - 

= Beer ptolylmagnesium bromide piepared from 12 g of magnesium and £5 g cf p<<cormo:cluene. The ether was re-. 

_meoved, and the miature was Soiled in a water for five hous. The was cooled and cecomposed with 

3%: acetic acid Under these conditions the separation of ether-insoludle tetra-polylsilane. was not observed. 

- Fractionation of the ether exttact yielded 24.6 g of a fraction of b.p. 24€-252°/ 25 =m, and recrystallization of 


it has been that, a silicon reacts with 2 excess 
tolyl-inag: nesium bromide ui rdet the conditions of the Grignard the is ob-. 


3 2. has been for the firs time, and some of is mropertes have been 


(2] Z M. Manulkin aad F. Yakubova, J. Gen. Chem., 29, 1300 as. 


A. V. Topchiev and NS. Nametkin, Proc. Acad. Sci. USSR 80, 6. 
we Schum and C. M. Sorter, J. Am: Chem. Soc.. 61. 363.1539) 
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sealed tube or aizoclave at an a chloro dichloride {s 


REACTIONS OF ALDEHYDES pHOSPHONOUS AND PHOSPHINOUS CHLORIDES 


RCHO ¢ PCI, = RCHCI—POCI,. 


_ RCHO = RCHCL—POOA 


was of imerest to » deresmine the extent to which our reaction was to and 


a ‘itis chlo: ides, i.e., to substances already having a C —P bond in th: molecule. If phosphonous dichlorides 
" geact like phosphorus trichloride, then a chloro phosphinic chlorides sheuld be formed. For example, from alky!- 
dichlorides and chlorides should be obtained: 


In a similar way. chiorides, oxides should be ottained: 


These conclusions were found to te We reaction: of with the 


vents. Hydrolysis of (chloromethyl)phenylphosphinic chloride was bys some evolution and 


“Crystalline (chloromethy!)phenylphosphinic acid (IV) was obtained. 


. Diphenylphosphinous chloride reacted with when ina tube at 240-250° for 
two hours, and a high-boiling substance, (chloromethy!)diphenylphosphine oxide, was obsained The 


comtans of the substances obtained are given in the table. 


of trichloride a phosphorochleridite is wed, is to obtain a ian: I-chloro- 


most accessible phosphonozs dichlorides, ethyi- [5] and dichlorides [4]. Exhylphoesphonous di- 
’ chloride and paraformaldehyde reacted wien heated in a sealed tre at 200° for 2 hours 30 minutes, and gave a 
_ 36 yield of (chloromethyi)ethyiphosphinic chloride (D.. This substance has all of the properties of an acid chlo- 
side, thus, when it is poured into ethanol, the chlorine atom is replaced an group, and 


~The reactica of phenyl ptosphonous dichloride with the. 

tubes containing the mixture of reactants must be heated to 230-250°. (Chloromethyl)phenylphosphinic chlaride 
(0) was obtained in 47% yield. When it was poured into cooled absolute methanol or ethanol, the corresponding - 
, esters (V and V1) were obtained; they are colorless glycerollike liquids, readily soluble in water and organic sol-. 


We consider that the mechanism of the formation of phosphinic chlesides from 


phonous dichlorides is quite similar to the mechanism of the reaction of phosphorous trichloride with aldehydes, - 


". which we have examined previously [1]. That is to say, in the firs stage, which occurs already in the cold, two 
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Formula” | (peessure in ‘M.p. (°C) Calculated® 
(2D 132-134 (2.5) , 1.2329 1.5275 54.53 54.83 
(WD 146-147 (2) | 122-124) - , = 


of the aldehyde ‘add to the phorphocous dichloride with formation of ester of a phos- 
2RCHO + 
OCHCIR 
This substance should be extremely proze to undergo the Arbuzov rearrangement, which wii] occw under the . 
influence of the alkyl-halide function contained in the ester grouping, no addition of alky! halide being necessary: 

_ en the one hand, Arbuzov and Rizpolozhensxy [5] have recemly shown that ethylphosphonous esters readily undergo 
the Arbuzov rearrangement, and the readiness with which phenylphosphonous esters undergo the rearrangement has 
long been known from the work of A. E. Azbuzov [6]; and on the other hand, Abramov [7] has shown that 4 chloro 

SEP exeézs bring about the Arbwov rearrangement of trialkyl phosphites already in the cold. There can be no doubt, 
a: - therefore, that the bis(chloromethyl) (or similar) exer of ethyl- or phenyl-phosphonous acid, once formed, will 
quickly undergo Arbuzov rearrangement with formation of the chloromethyl ester ofa 


‘How rearrangement will occur, Intra- ot cannot be predicted. the first case ‘the 


refraction of acid is not known. We have the value 
. APp = 485 from a limited number of data, and it must therefore be regarded as a preliminary value; _ 
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RCH—P—OCHCR 


In the second case the inter mediate phosphonium compound must have a pelymeric character, since it is formed 
by the alkylation at the phosphorus atom of one molecule by the chloroalxyl group of another. If we represent 

only the repeating unit of the phosphonium the imermolecular can be 


——+|-ci-P-o-— 


The formation (as in the case of the reaction of paraformaldehyde with phosphorus trichloride [1)) of a large — 
amount of undistillable sesidue indicates that some intermolecular reaction undoubtedly occurs, for only then could 


a polymeric residue be formed; it is formed in the second stage of the Arbuzov rearrangement by the elimination | 
of the side groups without ef ‘fect onthe mainchain: . . 


RR Cl i R’ 
= |— +2 RCHCl, 
OCHCIR rom 


- Whether there fs simultaneous intramolecular alkylation in accordance with scheme A it is as yet impossible to say. x, ; 


The last stage in the formation of : an: alkyi(chloroalky!)phosphinic chloride is the metathetic reaction of the 
with a second molecule of the 


The final reaction product, an alkyl-1-chloroalkylphosphinic chloride, and some , fresh bis(ehlosoethy!) ester of a is 


_ phonous acid, — P(OCHCIR)s are formed. The latter again undergoes the Arbuzov until 
_ whole of the phosphonous dichloride has reacted. ; 


We give our proposed scheme for the ¢ mechanism of the reaction of  psenylpowhino chloride with para ; 
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bylphosphinic Chloride We our dichloride by Micheells's 
‘method [3]. Bhylphosphonous dichloride (13.1 g) and paraformaldehyde (3g) were mixed with cooling, sealed 


in_atude, and heated at 200° for 2 hours 3C minutes. The light-yellow mobile liquid obtained was vacuum- 

: tract: onated, and after four successive fractionations (36%) of 4 fraction of b.p. 82 ee mm was obtained, . 
(Chlozom: thy! is a colorless mobile 1: 4937; 1.3625, Found 34. 


$e 22:61; 22.10; 4.28: 4.28; P 18.76; 19,17 
Calculated %: C 22.35; H 4.34; P 19,25 


an. (Chioromethy})eth ylphosphiz.ic chloride (28 6 2) wes 


_tme cucled absolute ethanol (12 ml), and the mixture was set aside overnight. The excess of alcoho! was dis- 


tilled off. and the residue was vacuum fractionated, Two fractionations 1.5 (12%) cf a of 


Echyl i is colortess gud az 1 1632; 1. 4510; Found Me Cale 


Chlozide (11h. We prepared our dichloride by Michaelis‘s 
method, as impreved by Dye [4]. A mixture of 17.9 g of phenylphosphonous dichloride and 3 g of paraformaldehyde 
‘was heated in a sealed tube far two hours at 230-240°. The yellow mobile liquid formed was vecuum-fractionated, 
ane yielded 9.9 g (47%) of a substance cf bp. 116-117°/2 mm, which rapidly solidified in the receiver. 


chloride forms white e: melting ir a sealec capitiary a at 


wae: (15 ml some heat was evolved, and hydrogen chloride was given off. Repeated evaposation with water yielded 
some cxysals, acd -hese were reczys. ailized from dry benzene with an addition of petroleum ethe:, and then again 


rect us‘ailized fzcm water. Yield 60%; m.p. 95-93.5°. ‘The acid readily dissolves whea warmed with 


is soluble in petroleum ether, water, and ether. - 


Moz 44,13; 44.44; H 4.43; 4.44; P 16,10; 15.90 
pe. Calculated %: C44.09 .. H4.20 P 16.28 


Me:hyl vi (V). ‘(Chioromethyl)phenylphosphinic chloride (3 g) was dissolved | 
ig cooled absolute ethanol (15 ml), and the mixture was set aside overnight. The excess of alcohol was distilled off, 


_ aad the reaction mixture was vacuum-fractionated. Two peers: yielded 1.4 g (47%) of a fraction boiling at 
: . 125-326* at 2.5 mm, substance isa colorless Hquid: 1, 1.2654; 50, 


1) heny! phosphinate (V1). (Chiceomethy chloride (s was in 
“cooled arsolute ethanol (20 ml) and set aside overnigit. Two a fractionations yielded 2g (48%) of a sg 


“Stance of 132-123°/ 2.5. ‘mm. ‘This substance is a colorless Nquid: nb D 1.5275; 1.2329; Found £5.53; 


te 
> 
. 
: 


groupings by chlorine. 


(chi ine Oxide (Vif). We prepared our dipheny!pt.csphinous chloride by the method 
dMelsenheimer and coworves [7]. A mixture of 2.2 g of diphenylphosphinous chiczide and 0.3 g of paraformale. 
dehyde was heated in s sealed tube for two hours at 230-240°, Two fractionations yielded 0,8 g (40%) of a sub- © 
stance of b.p. 146-147°/2 m.n, which crystallized when cooled to below its meiting point. The substance forms 
white crystals, which at 122-124°to a turbid liquid that clears at 


SUMMARY. 


1. has been shown that reacts alkyl- and dichiorides with forma- 


tion of alkyl- and chlorides; the oe and their emers have been 


2. has been shown that chloride reacts with dehyde wks formation of 


(chlorometh yl}dipheny!phosphine oxide. 


3. has Leen suggested thar the the reaction ‘and with 
aldehydes is similar to that of the rezciion of phosphorus trichloride with aldehydes and includes the stages of the 
formation of a ester, its Arbuzov and the replacemeat ester 
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” phonic acid, for example, has been prepared from N-bromomethylphthalimide and sodium dibuty! phosphite, with 


tives of amides and phosphorus trichloride; the acid chloride of the — amino acid that is 7 formed is sub- 


He also acid from acid 


+ jm the separation of the reaction products from the reaction mixture. None of the described syntheses of amino 


- 


NEW METHOD FOR THE SYNTHESIS OF 1-AMINOALKYLPHOSPHOKIC ACIDS . 


Until acids were difficulty sccenihie substances, The authors of 
paper prepared the first member of this class of compounds, aminomethy;: phosphonic acid, from diethyl che 
methylphosphonate by heating it with 29h aqueous ammonia ina sealed tube at 150° or two hours {1}: 


+ + H,0 = NH + 


ard then hydrolyzing the partial ester formed. The required ester of chloromethylphosphonic acid is ‘oie . 
synthesized in two stages from paraformaldehyde and phosphorus trichloride (first stage), and then alcohol (second 
sage), a method was in our laboratory by Kabachaik and 


CICH,POCI, + = CICH,PO(OC + 2HCL 
The whole synthesis of aminomethylphosphonic acid was therefore effected in thiee sages. : 


A few other cases of the symthesis of aminoalkylphosphonic acics have been described. " Aminomethylphos- 


subsequent hydrolysis of the derivative with acid BI: 


Also, to patent literature, acid may be prepared from 


Kosolapoff (5] symhesized =-clitatcniaiibeabiias acid by the use of the p-nitrophenythydrazone of eae: 
ethy! benzoylphosphonate, which he prepared by Kabachnik and for this, 
ductioi of the was 


Our method, cited above, of preparing arninomethy! phosphonic acid froma diethyl chloromethy! phosphonate, 
although undoubtedly simpler than the other methods indicated, demands much labor and time, particularly © - 
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sonic as applicable, ‘and all of them are multlstege proceues, $0 thet amino acids 


tt ts, however, desisable to develop a direct and simple ‘synthesis of compounds of this chen. - Is sufficient 
to See out that @-acrino phosphonic acids are phosphorus analogs of a-amino carboxylic acids, the biological sig- 
ficance of which is enormous, The study of the properties of a -amino phosphonic Lawn is however — hin- 
dy the absence of a good general method of synthesis, 


> Last year we te posted that we had found a new method for the synthesis of esters of a-amino phosphonic acids : 
none by reaction beiween an‘aldehyde, a dialkyl Phosphite, and ammoats BB): 


‘Inth the examples tavergated we benzaldehyde and ‘and diethyl and dibuty! hydrogen 


Leter, a comsmun:cation from Fields (93 appeared conce:nirg the preparation of esters of a amino phos- 
. phonie acids dy the aczion of amines (primary and secondary) and aldehydes on dialkyl hydrogen phosphites. The 
author sates that the zeaction is applicable only to the synzhesis of esers of aménoalkylphosphonic acids that are 
- substituted at the nicogen (Fields did not prepare the free amino phosptonic acids). We, however, have found that et 
the synth of amino phosphonic acids —the mox cos of this com, as will be 
shown in this paper —can be effected with equal success, Teh Soe 


+ The present perez is devoted to a more detailed inelinensiten of the reaction 1 of, aromatic aldehydes with 
oy momonia and é1aixyi hycrogen phosphires. It was first of all shown to what extent the reaction is a general one. 
We syathesized amino phosphonic acids from benzaldehyde, ptolualdehye, p-isopropylbenzaldehyde, p-anis- 


aldehyde. piperonal, and vanillin. The reaction was carried cot by heating equimolecular amounts of aldehyde 
-and dialkyl hydrogen rhorphire with a small excess of a 10 alcoholic solution of ammonia in sealed tubes in a 
water bath, and the cezrespond ing esters of a-amino phosphonic acids were formed in accordance with the above 
ecuation. tn order to isolare them from the reaction mixture, we convened these esters into well crystallizing 
Saits—che h:d:ochic:ize or picrate. In Table 1 we give the -alzs of exess of a -amino phosphonic acids obtained 


in this way. From tnese salts of the esters the free acids weze odtained by heating them with diluted (1 : 1) hydro- ee. q 
_chonc acid at 117-i25" for several hours, The ester groups weze then hydrolyzed, and when the solution was eva- | a 
. potated todrynes, se aydiochior ide of the amino acid was s convened into internal salt with evolution of hydrc- 
The free asnizo ‘acids oteained in this way are preserczed in Table 2. They are all bigh-mehing 
crysta: ‘line whids, Raving powerful acid properties and titrating as monobasic acids, 


With tegare to the mechanism of the formatioa of amino phosphonic acids from aldehydes, 

gen phosphizes, and a=-onia, our first clue was provided by z xudy of the effect of the reaction temperatueon 5 

the ‘yield of astino presphonic acid. When the reaction of aldehyde, dialkyl hydrogen phosphite, and ammonia . ; 
is Carried out not at 156° but at 2 higher temperature, then in addizion to the diester of the amino acid, some of 
_the partialy by¢roi;z product, the monoester, is formed. When, for example, piperonal was heated at 130-140° 

‘with alcoholic am-nozia and diethyl hydrogen not only the diethyl ester of the amino acid 


This was neural and was convened ans the amino acid by The of vig mono-_ 
. Mer must undouxediy be associated with the presence in the reaction mixture of water formed by reaction of 
ammonia with the aidehyde and the dialkyl hydrogen phosphite. When the reaction ts carried out at room tempers-. 
ture, an insignificant.s-ount of aminoalkylphosphonic ester is formed, the main product being a hydroxyalkyl- 
ester (the case examined was and phosphite). in Presence 
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tm react with aldehydes forming in the col ester, and 5 


formation of hydroxylakylphosphonic from dintky! and aldehydes mderthe 
“catalytic action of sodium alkoxide has been studied by Abramov ee He showed that this reaction ae. 
of heat accordance with the — 


ine ou case ammonia evidently plays the Part of basic coualyst: 


was quite natural to suppose that hydroxyalkylphosphonic esters wete formed as products 
our synthesis of esters, and that the sage, which when the mixtere was 


Such a however, is in conflict with the results of Fields whe in a of the 
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do react at aL with amires at low temperatures (56. 118°), whereas at high temperatures (175°) 
reésitification of the reaction mixture occurs. For this reason we carried out our first experiments on the conver- 
sion of + nydro*salyyiphosphonic acids into aminoalky!lphosphonic acids in presence of sodium ethoxide as catalyst, a 
of hydroxyl by amino was actually found to occur. therefore appeared to be possible to syrthes- 
the acid as follows: first cbtain diaixy! a tiydroxybenzylphosphonate from benzal- 
and diaixyl Sydicgea phosphite under Abramov’s conditions, aad then, without separating this from the 
t@action an alcchslic colution ef ammonia end heat in 2 se2led tube to convert the hydrozy ester 
aAco the aminoeser We did, in fact, carry out the synthesis of a aminobemylphosphaiic acid by this method, 
ne we late: found ths: che use of a catalyst was unnecessary. As we have already mentioned, the formation of- 
he. ester of the tydzoxy acid occurs readily in the cold in presence of ammonia. The second stage of the synthe- 


sis, replacemear of hydroxy] by amino, occurs — the hydroxy exer is ieee A heated with akoholic ammonia in 


These expesimers reveal the of the formation of an ester the heating - 
of benzaldehyde with a dialkyl hydrogen phosphite and alcoholic ammonia. It mav be supposed that at first the i : 
mos" rapid reaction is the addition of the dialkyl hydrogen phosphite to the aldehyde under the catalytic action of : a 

_ ammonia, a hy¢roxyzenzylphosphonic ester being formed. When this ester is heated with ammonia, hydroxy] isre- ae 


e 
| 
4 
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fs natural to compare the formation of ‘aminoslkylphosphonic from aldehydes, ammonia, and dialkyl 
— fl . hydrogen phosphires with the well-known Zelinsky reaction, the formation of amino nitriles by the action of © 
ammontumcyanide on aldehydes [11] Here again we bave a reagent, acid. 
eroup, and we in absence of ammonia: 


presence of ammonia, not hyiony nites amino are formed: 


\/ 


cu 


is also dist tsolated ultriles ¢ can be converted into amino nitriles the action alcoholic 


+ Nily = RCH(NH)CN + 


To the same type of reactions belongs, also Rodionov‘s 2} in which the simultaneous 
action of ammonia and malonic acid on teads to the formation of emino acids: 


Ny + RCHO + RCH—CHCOOH + + 


similar way, ammonium bisulfite adds to aldehydes with formation of a-amino sulfonic acids 14} 


or - Dialkyl hydrogen phosphites in many of theis reactions are reminiscent on the one hand of Bdicatbony] 


= ee _ compounds (malonic and acetoacetic esters)—an analogy which was examined systematically by Arbuzov [15)— = 
on the other hand of substances such as hydrocyanic and sulfurous acids, the diad tautomerism of whichhas 
. been thé subject of long discussions, In both cases, however, these is the possibility of obtaining two series of ij : 
_ derivatives of the diad types. We may consider, on the basis of these comparisons, that the formation of ¢-amino- ‘ 


of - by the sctloa of aldehydes and is a general reaction for 


au substances HX that are weak ad ae able to sow reac. of the diad tied type. 


pital — and 15 ml of a beac solution of ammonia in absolute ethanol was heated in sealed tubes in “AE ses 
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~ serling water bath for seven hows, The reaction mixture was then evaporated down on a boiling water bath until a 
constant tesidue was obtained, The residue, a yellowlsh sirup, was dissolved in a small amount of absolute ethanot, 
and dry ether was added until a turbidity appeared, The solution was cooled with ice water, and dry hydrogen chloe 
tule was passed The precipitate that formed was filtercd off and washed with dry ether, The colorless crystals ob- 
tained were readily soluble in water, methanol, and ethanol, and insoluble In benzene, acetone, and ether, The 
substance was crystallized from dioxane in the form of fine colorless necdies, and = melted with a 


_ at 158-159". The yield was 6 g 
Found %: N5.0; 4.9; P 11.0, 124 
tivdrochloride of Dituty! a -Aminobenzylphosphonate. This was to preceding substance 
_., from 10 6 g of benzaldehyde, 19.4 g of dibutyl hydrogen phosphite, and 40 ml of a Tk solution of ammonia in ab- 
solute ‘Sutyl alcohol. The substance was readily soluble in water and eect: and could be crystallized nom otha- 
aol or dioxane: m.p. 149°; 6.7 (20%). : 
Found %: © $9.2; H 7.8; 8.1; N4.4: 4.1: P 9,1: 90 
SPOLL “Calculated %: C 53,7; H 8.1; 


Picrate of Diechy! a -Aminobenzylphosphonate. The of diethyl 
(38g. m.p. 155°) was weated with a Xb aqueous solution of NaHCOsg, and the solution obtained was extracted with — 
ether. The ether solution was dried over sodium sulfate, and the ether was driven off. The residue was a yellowish - 
‘ily I:qucd (diethyl a -aminobenzy!phosphonate), which it was not found possible to purify. It was dissolved in dry 
ether, and an ethereal solui ion of acid was added, A yeliow m,P. 174°, was ob- 


tained. 
a- Amunobenz ylphosphonic Acid. A mixture of 2 g of the hydrochloride of diethy! a 


ate and =0 ml of hydrochloric acid (1 : 1) was heated in a sealed tube at 120-140° for three hours. The reaction 
mixture was evaporated down on a beiling water bath until the odor of hydrochloric acid disappeared, The dry 
residue was recrystallized from = mixture of water and sicehol. ani 9.9 8 ofa colczless crystalline 
‘substance. 272-273". 


‘Found %: 45.4: 45,5; H. 5. 3; £.4; N29; 1; P 16.6; 16.7 


aldehyde, 3 5 g of diethyi hydrogen phosphite, and 13,5 ml of a 10% solution of ammcnia in absolute ethanol, 
‘he procedure being as in the experiment with benzaldehyde The hydrochloride, which was precipitated with 
eshe:, was recrystallized after five days from a mixture of alcohol and and lig 

which a mielved with at 148°, 


Found %: C 49.4; 49,1; H 1.4: 7.3; N4.9; 4.8; P 10.7; 10.8 
Calculated %: C491; N48: P 


Peer ate of Diethyl. a -Amino-p-methylbenzylphosphonate, A mixture of 6 g of 1 g of 


aydrogen phosphite, and 15 ml of a 10% solution of ammonia in absolute ethanol was heated in sealed tubes in a 
-Soiling waterbath for seven hours. The reaction mixture was evaporated down on a boiling water bath, and the ‘fas 

_ residue was extracted with ether. To the ‘solution obtained an ethereal solutior of picric acid was added, and the 
Crystals that were precipitated were filtered off (3.95 g. ‘The after from 


Bound %: 44.1; 44.3; H 5.2: 5.0: 2.85 2.7; 
PO? Calculated %: C 4.4; H 4.8; N29 |. 


@-Aminop methylbenzylphosphonic: “Acid. AL A mixture of 3.2 g of the picrate of diethy! 
‘methylbenzyl phosphonate ard hydrochloric acid (i 1; 60 mil) was heated in sealed tubes at 110-120°forthree 


. \» hous The reaction mixture was extracted with ether, and the aqueous solution was evaporated down, The resi-" 
due was Ae pices from water, and yielded 0.5 g of product, m.p. 276°, . 


‘Found %: 48,2; 48,3; 5.8; 6.0; N68; P 
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ft propylbenzaldehyJe, 8.3 g of diethyl hydrogen phosphite, and 15 mi of a 10% solution of ammonia in absolute : 
ethanol, the procedure being as in the experiment with benzaldehyde. The product was recrystallized from abso- © iter 
: lute ethano!, and 5.6 (35) of colorless crystals, melting with decomposition at 


_@-amino-p-isopropylbenzylphosphonate and 50 ml of hydrochloric acid (1 : 1) by heating thern together in sealed. 


(60%) ofa coteties — substance, which melted with decomposition at 267°, - 


* . aldehyde, 4.15 g of diethyl hydrogen phosphite, and 7.5 ml of a 10% solution of ammonia in absolute ethanol. 


was obtained. 


B.A of 0,9 g of hydrochloride of diethy! a 25 mi of 
hydrochloric acid (1: 1) was hected in a sealed tube at 110° for three hours. The contents of the tube were eva>. 
porated down, and the residue was recrystallized from water, yiclding 0, 5 g (81%) of product, m.p. 276°, 


Hydrochloride of Diethyl a -Amtno-p-Isopropylbenzylphosphonate, ‘This was prepared from 1.4 g of ea 


Fount %: -N 4, 4; 4.5; P 9.4; 9,5 


yiphosphonic Acid. This was prepared 4. 5 g the of diethyl 


tubes at 110-120° for three hours. After the evaporation, the residue was er oom water, — 1.9 s° 


Found 52.5; 52.3; H 7.1; 6.9; N6.1; 6.2; P 13.9; 13.8: 


“Hydrochloride of Diethyl -Amino-p-methoxybenzylphosphonate. This was from 41g of 


The substance was from a mixture of ether and alcohol, and 3¢ of white m.p. 160%, 


Found %: 9; H 6.9; Cl 11.6: 116: P.10. 0.2: 10.3 3; 2; 44 
Calculated %: 46.75 H6.8; 111.5; P 10.2; N45 


@ -Amino-p-methoxybenzylphosphonic Acid. A miscwe of 1g of the hydrochloride of dtethy! a-amino-p- 
methoxyberzyiphosphonate and 20 ml of hydrochloric acid (1: 1) was heated in a sealed tube in a boiling water 


bath for six hours. from water 0.55 g of a colorless m.p. | 
Found %: 6.2; 6.2: 14.2: 145 
Hydroc kioride of Diethyl a-Amino-3, This was 45 
piperonal, 4.2 g of diethyl hydrogea phespii:te, and 20 m1 of an ethanolic solution of ammonia, The product =e 
_ ould be recrystallized from dioxane and reprecipitated from a mixture of neces and ether; it melted with de- 
Found %: 44.3; 44.2; H6.1; é. 2; N 4.4; 4.3; pant 9.4: cl 10.3; 10.6 
Calculated C 44.55 H5.9; N 4.3; P 9.6; C1109 
Ethy! Hydrogen a -Amino-3, 4-methylenedioxybenzylphosphonate. A mixture of 4. 5 : of piperonal, 4. 2 g of e 
diethyl hydrogen phosphite, and 20 ml of a 10% soluzion of ammonia in absolute ethanol was heated in sealed é F 
tubes at 130-146° for five hours. The reaction mixture was evaporated down on a boiling water bath untilacon- “> 
stant residue was obtained, The residue was transferred to some absolute ethanol, and the crystals remaining — : 
_. undissolved were filtered off and recrystallized from 3 mixture of water and ‘The product was 0.4 


The alcoholic filtrate was saturated with dry hydrogen chloride and then treated exactly as in the rap er 


experiment. From the filuate 0.3 g of ammonium chloride and 2.0 os of the of diethy! 


no-3 .4-methylened ioxybenz ylphosphonate were isolated. 


.- dibutyl hydrogen phosphite, and 10 ml of s Te solution of ammonia in absolute buty! alcohol, the mixture being - 2 
- heated in sealed tubes in a boiling water bath for ten hours. ‘The product was recrystallized from butyl sain 
“8 was obtained a substance that exhibited two melting points, 160° and 214", 


Found %: 49,8; 50.7; 1.4: C1 9.8; 06; P 8.4: 8.0: 
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3, horue Acid. A of 2 g of the hydrochloride of dicthyl d- 
ler ediovybeazvi phosphonate, m.p. 145°, and 40 ml of hyd:ocklosic acid (1: 1) washeated in 
tube in a water Sath fo: hours The reaction mixture was evaporated down. and 
was fom water, neiding 0.5 g (35%) of a substance of m.p. 255°. 
Bound 41.8; 41.3; H 4.5: 4.4; 66.5; P 13.4; 13.5" | 


_sydtochior: de of D. -Amine benz. Ths was qepered from 12 g 
83g of hydroges phosphire, acd 15 ml of a 19% saliczion of a: absolute ethanol, 
tion of the uct fem ethanol — 5g 3 rarce that melted with decompo- 


fat 


ef 
mee 


a-am: v-3 methe cydenz vIphosphouie Acid. This was $ of de hydroc hloside of . 

Petey! and 120 ml of yhochloiic acid (1 1), the mature 
. “Being heated im sealed tube: -n 2 water bath ro; three Recrysiall:zatioa of the product from water 


“Diethyl ybenzy tot osphonate, A mixture of. 6. g benzsidetyde, 8g ‘phosphite, ‘and 25 
- _ ef a 10% solutioa of amm in adsoluze ethanol was sealed in and set aside at soom temperature for _ 
twelve days The corczents of the tudes were then evaporated down ir. a dish on a boiling water bath until a con- 
stat -€sidve was obtained. On being ccoled, the residue in the dish crysallized cuz. and the crystals obtained were r 
votes eth dry ether, The product was 5.9 g (49%) of a white crystalline subsiance, which melted, after recrystal- : 
utation- from petroleum ether, at $3-€4°. in admibcuce with the obtained 
and sxaya no dpression of melting point. 


Found %: C 54.5; 54.3; bi 7.4: 7,2: 12.9; 13.0 


The ether ea: sais sated dry hyd:oger chiaide, and the precipitated subsance was filtered 
yielding 2 g (12%) cf the hytrochtonde of diethyl a 


-Reaction¢ of Diewhy! benz with Ammosia (in Presace of Sodium Ethoxide). A mix- 
tare 2 44g of (m p, 82-539. 3mi of a 10% soiution of ammonia in ab- 
erha acd a sclwica cf 5.023 g of sodium ir 2 ml of etharo! was teated is a sealed tube in a boiling 
oa bath fo: seven tous. The subsiance obtained was tom 2 cf sicohol and ether. 
Product (0.7 g. ie. melted at 159°. 


“React:on of Diethyl @ with (it. ff A mixture 
of diethyl Serzylphospronate and 6 ml of a 10% solution of ammonia in absolute ethanol was 
.-Teated a seated a boiling water bath fos seven hous. of the from dioxane, 

1 5 8 Te) of a of m.p. 158°. 


-- 


pi.0ra'é. Sodium methoade (29 dicps) was added to a mixtwe of 5 g cf benzaldehyde and 6.9 gof diethy] hydro- - ys 

ges phosphite, and the -emperature of the mimwe rose to 50°. The mixture was ther heated in a bailing water 
Sath ‘or 30 minuzes, ard cooled. An addition was made of 15 ml of solution of ammonia in absolure eiha-" 

‘sol, and the mixture was heated in sealed tubes in a boiling water bath for sever. ho:ws, The further treatment. a3 

: af the :eaction mixture was carried out in the manner dex ribed for the erpe:tment on the reaction of dicthyl e--... 

with ammonia. The. was 4 8 — of the bydrocbloride of 
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3 1. “The atdehydes with hydrogen ‘ammonta has been investigated, and 
fit has been established that heat is a. te esters are formed: on these 
: p-isopropylbenza dehyde, p-anisaldehyde, piperonal, and vanillin. 
3. has been shown that benzaldehyde reacts with dialkyl and ammonia in the cotd 
4 with formation of a hydroxybenzylphosphonic esters, which, on heated with ammonia, are converted into 
; 4. A mechanism has been proposed foe the reaction, in which ctuinicinitiieachiiae estess pe the 
. ‘part of intermediate products. A parallel has been drawn between the reaction observed and other reactions: 
an} 86=—.—Si«éZLinsky's reaction, Rod!onov's reaction, and the formation of a-emino sulfonic acids from agers and am- 


-monium bisulfite. 5 : 
Recetved December 23, 1952, instinute of ‘Organic of the USSR Academy 
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Catalytic Treatment of Hexane 


29.97; Caleulasd MRp fez: 30,23, 


’ boiled over the range 87-153* ar 749mm. This residue was subjected to Ulimann permanganate oxidation, and 
- dicarboxylic acids, m.p. 290292°, were isolated. In order to avojd loss of the highly volatile components of the 
up to at 752 ram, and the following fractions were obtained : 


- Fraction L b p. 27-28.0°; 10.5 mi (6. 5g): ap Lass a® 0.6203. 


= Comparison of the properties of these fractions with data in for and pentane showed 
they consisted, respectively. of these hydrocarbons, 


moved by treatment with ¥ oleum:; the catalyzate residue then had n™ 3.3760: and a” 0.6586. For fraction- 
‘ation through the 70-plate column, 125.6 g (190.6 ml) of the catalyzare was taken, po the results of the fraction- 
_ ation are presented in Table 1 and Fig. 1.. The gas that was isolated in the various trials contained from 78 to _ 


HIGH-TEMPERAT SRE CONTACT-CATALYSIS REACTIONS OF NORMAL ALKANES — 


~ 


is iN PRESENCE OF HYDROGEN AT HiGH PRESSURE 
“ON, I, Shutkin, N. G. Berdnikova, ard S$. S$. Kovikov 


We have previously studied contact-catalysis reactions of cycloperzanes and cycluaixanes under cond:uons 
of high temperature and pressure [1] It was then shown that at 4€9° under a hycsogen pressure of 15-20 atm, cyclo- 
pentane, methycyclopentane, and cyclohexane urde:went a numbers of farteaching changes in presence of a plating 
ized alumina catalyst, the products being aromatic hydrocarbons, alxylation ard bometizaion adda 
coasiderable amount of paraffins of normal and branched structwres. 


it was considered to be of interest to examine the wansformatiocs, under the same conthions, of nermasi 
alkanes (hexane, heprane, and octane), In these experiments it was proposed to obtain data thet would permit 
2 comparative examination of the behavior of these norma! alxanes its relatiogto thelr molecular weights, _ 
and would enable the mechanism of the formation of branched geen? and aromatic ee under the given 
conditions to be elucidated. ‘ 


EXPERIMENTAL 


The hexane. heptane, and octane cohen for the investigation were une by icietin ton of the correzpond- 
ing primary alcohols at 360 in presence of alumina, followed by hydzogenzzion of the alkenes obtaine. in presence 
of a nickel catalyst. The hydrocarbons were purified by careful distillation a 


The hexane used had the foliowing properties: b.p. 68. 8* (735 25 1.3765; a? 0. 6697; Found 


This hydro- a~bon (780 ml, Le., 514.6 g) was passed at 4€9° over 2 platinized Catalyst at a space 
velocity of 0.43 under a pressure of 20 atm of hydrogen. As a iesulr $5 3 g (528.6 ml) of catalyzate was obtained: 
it boiled ove: the -ange 27.5-87> had 1.3840; d% 0 6721, aad comaised Fk of zromatic The 
yield was $¥b on the amoun: of heyane taken. : 


Distillation of 35.6 g of the catalyzate over sodtum through a column yielded a saiiied of 0. 65 g. which 
from the resulting mixiure [2] 0.0697 g of pure benzoic acid, mp. 121.6* and 0.1505 g of a mixture of benzene- 


Catalyzate, the remaining bulk of ft was fractionated through a 70-plate cclumn in order to obtain the ee j 


Fraction b.p. 35-35.6°%; 12 ml (7.5 a 


After the isopentane and pentane had been removed from the catalyzate, aromatic were 


86% of hydrogen, the remainder being satwated hyd:ocarbons; fox — the of the gas fiom Trial No, 
was: 19.2% of 20, of saturated hydrocarbons." 
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Con: postion of the Paraffin Part of the Hexzne Catalyzate 


60,5695 208 [0.6526 | 15.6 10.7 
63.964.0 19.9 1.3760 ; 0.6641 14.0 
| | | - os | 


17.3 

15.8 
-16 ..” .-: 
42.5 
5.3 


688. s3.4 1.3765 [0.6590 | 38,7. 


. 


fin part of the cetalyzate with data in the Mterature for 2,2- 

_ dimethylbutane showed that it consisted mainly of this 
“iydrocarbon, It was evident from an examination of the — 
propeities of Fraction II that it consised mainly of 2,3ai- 

methylbutane, and optical analysis of i showed that it 
Contained 95% of 2,3-dimethylbutane and 2bout of 2,2- 
dimethylbutane. Fractions IIL IV, and V consisted of mix- 
Fig. curve for the paraffin ‘tures of 2- and Fraction VII was un- 
Bact of the hexane Catalyzate, . Changed hexane. 


. these conditions, therefoce, undergoes the following transformations: part of it 10%) 

converted asa result of dehydroc yelization benzene: 


‘and the main bulk of it isomerizes into branched hexane isomers aod 


at same ume reactions occur wich formation of 

were carried Out on 12 fractions of the trom the thie alkanes 
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A considerable amor ncaa 30%) of the substance (the original hexane and its transformation products) 
undergoes cracking with focmztioa of gaseous alkanes, The formation of smail amounts of toluene and xylenes . 
- shows that, in this case also, + breakdown of hydrocarbons (hexane, the products of its isomerization and hydro- | 
_genolysis, and cyclotexere formed intermediately by the dehydrocyclization of hexane) is accompanied by the 
formation of methyleze radic2s, ros of which are CH” + ‘while the 


| 


The results cw that the main direction in the contact-cstalysis reactions of under ‘oe 
conditions investigated is &s &So—erization ino the carsespomling branched paraffins having one of twotertiary =~ 
carbon atoms, is formed to a slight extent. Also, occurs to an 


The transfezmatzocs of teane bup. (751 5 2876; 0, 6823) were studied in “presence of the 

Same Catalyst az 469° 22 excess pressice of hydrogen of 15 atm. For the catalytic reaction, 800 ml (545.3g)_ 
of heptane was taken, and it “—— passed aeaege the catalysis tube at a space velocity of 0,43. The catalyzate 

_  §501,7 mt, ie., 345.9 gj nad 1.4935: 0.6895, and contained 18% by volume of aromatic hydrocarbons, The 

’ vield was 63.9%, As ia the czse of hexane, before separation of aromatic hydroca:bors, 2-methylbutane and pen- 

care were reinoved from tie caialyzaic though a These had the following proper: 

2-<methylburane, 27.628" (742 1.3536; 0 pentane, b. P. (35-35, 6° (742 1.3575; 


_ aromatic b were from the by the chromatographic For 
__ . adsorption, 285 ml (196.5 g) of cazalyzate freed oe 2-methylbutane and pentane was taken, and the aromatic 
Ihydzocarbons separated (56.0 ml, Le., 48.4 g) had n™ 1.4980 and 0. were fractionated though a. 


85-plate column, with the resuts shown in Table 2, 


Ullmann oxidation of the tcluene-xylene fraction (V, 110, 0,5-158*) yielded 24g a mixture of 
acids, which, apart from a trace of benzoic acid, the following acide were isolated: 0.6071 g of phthalic 
_ acid (converted into pixhalic anhydride, m.p, 130,8*), 1.2740 g of isophthalic acid (converted into the dimethyl 


ester, =—-. 66.8°), and 0.3625 g of terephthalic acid (identified via the dimethyl exer, m.p. 140°). The residue Sag : 
(6.48) aS 3.5480) wes distifed fom a. flask having 4 2 — column; at 152 mmm it distilled overawiderange 

follows from the gives in Table 2 that ‘the aromatic part of the contained, in ik 


addition to toluene (69.8%). appzeciable amounts of benzene, xylenes, and also, in the residue, evidently poly- 
methylbenzenes. & is possible that the presence of xylene and polymethylbenzenes resulted from the ——— 
- of benzene by methylene radicab formed under ow experimental conditions, 


The paraffin part of the catalyzate (228.5 ml, 155.1 g; aS 1.3895 and 0.6787) was 
“precise fractionation through a 70-plate column, The results of the pectionation and the properties of the fraction 
odttected are shown is Table 3 aad Fig. 2 : 
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ed was a micawe of 3,3-and 2, 3dimethylpemanes; vi and vu — of 2- and 
methyinexanes: and Fraction VIII coma ined unchanged heptane, 


a *:0ral Cox!pout. on of Aromatic in the Catalyzate 


Faction Baiting range co on catalyzate -on of 

Fractional Coinpos:tion of the Paraffia Pan ‘of the Hepase Catalyzate 

Fraction |. Boiling range (°C) ton cataly- | on heptane on mixtures of 

46.549.5 © | 1.3721] 0.6580 | 43 
§9,5-76.0 . | 193765] 0.6615 | 4.2 2.8 
8.6 ‘| 1.22691 0.6617 | 46 3.1 
87,069.55 16.6. 1.3230 0.6795 | 8,7 
89.5015 24.5 1.268 | 0.6929 | 12.9 8.8 
91,5-92,0 17.7 1.3855 | 0.6875 | 9.2 114 
22.4 1.2289 ; 0.6881 | 11.5 | 6.9 14.4 
978008 34.5 1.2276: 0.6841 | 17.9 12.2 21,2 
Remdue 0.643 | 4.9 3.4 6.2 i 
The results of the fractionation of the paraffin part 4 

of the hegrane catslyzate and comparisons of the proper- 

ties of the fractions with those of individual hydrocarbons . : 
sbow that the transformations of heprane are similaz to 

those of hexane: in this case the main reactions ase iso- 
merization to 2- and 3-methylhexanes, fissfoa reactions, 4 a 

_ and aromatization. Comparison of the properties of Frac- 

tion J with the data in the Lireratwe for 2,2-dimethylbu- 
6 z me 120 0 z0(al) tane indicates that this hydrocarbon forms the bulkofthe 
rg Fractionation curve for the paraffin 
pan of heptane catalyzate, Fraction 0 and united Fractions Il and IV were in- : 
wesigated by the Raman spectrum method, and this indi- 
that ©raction contained 55% 2-methylpentane and 4% of 2,2-dimethylpentane, and that united Fractions i 
ard  comained 4% of 2,2-dimethylpentane and 52% of 2,4-dimethylpemtane, The propenies of FractionY 


_ Analysis of the gas evolved showed that if contained a rather higher amount than 

the obtained from hexane, ‘Thus, in various trials the saturated hydrocarbon content varied from 22 to 
. The investigation of the heptane catalyzate showed that, in presence of a platinized alumina catalyz RES 
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The observed formation of xylenes and more complex benzene homologs 1s evidemly to be explained in this ; 
case also by the methylation of toluene by methylene radicals that are formed under our experimental conditions, rs 
‘Many of these radicals are converted into methane: +H, CHg, and the remainder with 
toluene with formation of xylenes and more complex methylation products: 


" The results of the contact catalysis transformations of hexane and heptane show that methypne radicals 
arise not only as a result of the fission of cycloalkanes (which are formed, in this case, only intermediately), but 
also in the methane breakown of alkanes, The greater part of the heptane undergoes isomerization with formation 


c-C-C-C-C-C 
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ja edition to me:hylation, end isomerization, hydrogenotyss occ urs also, ‘both the. 
para ftin and of the benzene homologs: 
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"heptane. Fraction IV, being a transitional one, was not investigated, Fractions + 


The expettnents were cattied ou with 350 ml (597, 8 g) of octane the following constants: 
1.3980; 0, 7033, 125-126° (753 mm); Found MRp 39,30, Calculated for MRp 39,14, The catalytic 
treatment was cated cut under the same conditions as the:> uf the hepeane experiments, and 492.3 ml (381.5 © 
ge Le, 63.9%) of catatyzate was obtained: it had the boiling range 27-159°, had ns 1,4260; a” 0,7748, and 
sontained 2% of aromazic hydrocarbons, In the same as in the previous tractions up 
30 at 758 mm were d:silled off: 


Fraction b.p. 27 14.5 ml (9. 1 1.2545, 6201 (yield on octane taken 1, 
Fraction tL, .p. 35. 8-37%; 16 m1 (10.0 g); n 52 3576; 0. 213; ‘yield 11. 


Sy adsorption of silica gel 86. 1 mi (73. 8 g) i aromatic nediecstbels of 1D 1, 4975 and d3 0. 8673 was 
inital from 296 mi (226.1 g) of cataiyzate freed from hignly volatile componems., kt was Snctekiied through 
70-plate column (73 € mil, ie., 63.0 of the aromatic hydrocarbons was taken for the ™ te- 


Yield 


— Boiling range (°C) ; Amount (g) on mixture taken for 
fractionation 
3° 12 1.4980 0.8780 0.6 1.2 
86.3-1098 0.5 1.4970} C2 0.9 
6%,2-210.5 5.6 1.4960 | 6.8672 -} 26. . 6.8 
v 116.5-227.6 - | 1.4965 | 11 
| 1.4997 | 0.8709 89° 28.1. 


The paraffin of the octzae catalyzate was fractionated through the same column; the results are pre- 


Eig. Fract ionation eure for the aromatic “Fig. 4. curve for the pert 
of the cctane of the octane catalyzate, 


For <pecta tum the | Fractions I and IL the united Fractions ‘VL, 
tion il were taxen. The analysis showed that Fractions I ¢ 0 contained about 6% of 2-methylpentane, 20% of - 
‘hexane, and a certain a-ount of 2,2-dimethylpentane (detected qualitatively). Fraction III consisted mainly of 


of of 2,4diumethythe xane and 30% of 2,3-dimethylhexine, 


According to thes properties, Fraction VII contained mainly 2 vol 
“2-methylheptane, and Fraction 1X mainly 4-methylheptane, The properzies of Fraction and of the residue indi- 
: "tated that they conased mainly of unchanged octane, 


is of interest to compare the transformations of the alkanes investigated the for 
: the comparison is presented in Table 6, from which it will be seen that, as the molecular weight of the alkane. 

ime teases, the degiee ef conversion in the catalytic treatment rises; the amount of aiomatic hydrocarbons formed 
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‘TABLES 
Segctional Composition of Paraffin Pan of Octane Catalyzate._ 
Boiling range (°C) Amount(g) on on mixture of al- 
98,6-106.5 82. 1.2930/0.6935 | 32] 609 
-106,5-110,5- 16,2. 1,39900.6995 | 92 | SO} 148° 
Residue . | | 50 | 83... 
Transformation prod ucts (& on original alkane) 
“i:qud catalyzate 


rancked pazaffins not accounted 
“Pacaffins of lower molectlar 


tee 


of the ‘alkanes leads to the of a leniary carbon atom. : 


Toge. he: with isomers one side chain, however, an amount of mae branched paras 


examination of the nature of the octane us reason to suppose 


c given conditions, the nature of the contac. catalysis reactions of this alkane 1s quite analogous to that of the various 


- wansformations of its homologs, heptane and hexane. In this case also, the reactions of dehydrocyc lization, alkyla- 


tion, isomerization, and hydrogenolysis are clearly manifest, The properties of the residue from the fractionation — “3 


‘of the aromatr hyd:ocarbons formed (benzene, toluene, and xylenes) show that it consists of benzene bomo- 


by the of with muhylons 


The ‘question arises of the mechanism of the formation of the isomeric thet in 
éotabnte treatment of alkanes, as also in that of cycloalkanes, an important part is played in they transformations - 
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: 
ene breakdown of part ‘ef the sutstance, with tubsequent methylation of athanes the ‘methylene radicals 
( eas . This concept of ours on the ways in which branched paraffins are formed under the conditions of the contict- Ro 
¢ataivsis reactions of normal alkanes ar bigh temperatures and at high pressures of hydrogen ts based, as we have 
“seen, on the synthetic process of alkyiztion by means of radicals; we are inclined to make this same concept the - on 
- >as:s of our explanation of the mechanism of the isomerization of n-alkanes under these conditions, our scheme for tae dima 
"he consists of si successive and as follows: 1 
A has been of the reactions heptane, and octane presence of 
alum: na at 469° under a high msssure of hydrogen (15-20 atm). 
has been shown in all cases, “under the given ‘conditions, dehydzoc and isomerization of 
Se aixanes occur, and both the alkanes themselves, am also benzene homologs formed as a recult « a a de- ee 
“undergo methylation aad hydsagenolysis, A 
? Mas beer. sugge-ted that me methylene breakdown of alkanes and cycloalkanes plays a part in 
of b: pazaffins and higher benzene homologs, 
Py A new conc ept has been ‘advanced relating to the contact-eatalyss isomerization reactions of allanes at 
ny shuikin, N a and s. Novikov, Bull, Acad. UssR, Div. Chem, sex, to. 
. | 
B. L Moda, Kanusber, and M, v. 3. Gea, Chem. 1 ssn, 
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SYNTHESIS OF STEROID COMPOUNDS AND RELATED SUBSTANCES 
COMMUNICATION XVIL PREPARATION OF a8 -UNSATURATED CYCLIC KETONES (2CYCLOALKEN-1-ONES) 


I. N. Nazarov, L. D. Bergelson, I. Vv. Torgov, and S. N. Ananchenko 


4 * In a series of communications [1] we have described numerous condensations of dienes with a,8 -unsaturated 
. cyclic ketones leading to the synthesis of various polycyclic compounds, including compounds related to stercids, © 
Among the unsaturated cyclic ketones empioyed in these condensations were: 2 4-dimethyl 2-cyclopemen- 


CHy. 


Although 2 4-dimethyl-2 yclopenten-l-one (D ts simply Prepared by the method discovered in ou laboratory 
which is based cn the cyclization of he ketones, the cf the ketones II, I, we and pre- 
"sents considerable difficulties, 


review of the literature shows that no the synthesis of a, B-unsatwated cyclic he- 
tones exists, all the methods described for their preparation being complicated and giving poo: yields, : 


he Certain a, B unsaturated ketones have been by Koetz a-bromo or a chloro ketones, with 
elimination of bromide or chloride: 


In spite of character of this method, ir has and has given very 
yields of unsaturated ketones Gon. In the case of Koetz no indication at aul 
yield. 


‘method the preparation of by Burch who reduced 
ethers and aromatic amines sodium alcohol ammonia: 


f 4 
CH, re) 
; 
; 
- 
by 
‘ 


’ 


ave 


cases, the pz isomers having the double bond :n anozhe: (non orjugated) position, 
and th:s made the purification of the 2-cyclobexen-l ones vety d:fficult. This method ts quite ussuctadle for the . 


A telatively satisfactory method bes the prepatanon of 2eyciohe was developed by Basteie 
al 
- 320° 
origsna! method has been also by Rigby [61 who started from the more expensive resorcinol: 
. hoe method for the reparation of has been This 


ca‘don Content, second method an ovecall of of ketone, which was not pee 
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It {s interesting to note that the method of bruminating 2-methylcyclohexanone and then eliminating hydto- - 
. gen bromide was not used, because Koetz has asserted (8) that the bromine attacks the unsubstituted methylene 
* group, so that elimination of hydrogen bromide yields not 2-methyl- but 6-methyI-2<yclonexen-l-one, As will be 
shown below, this assertion 1s incorrect, and the bromination of 2-methylcyclohexanone, as that of other 2-methyl- 
cycloalkanones, occurs only at the tertiary carbon atom, it was oa account of the same preconceived idea that 
Mousseron [9], without any proof, ascribed the struct ure of 2-chloro-S-methylc yclopent anone to the chlorination 


10 
The yield was about 14% on amount of cyclopemanone taken, 
“hss id was on the amount of cyclopenanene taken. 
2 Cy lopermen-l-one (V) was prepared by Dane [12]ina manter, the overall yield being less. than 
&% on the amoum of cyclopentene taken. ; 


: We nave here cited methods that are the mos ecceprabii with respect to the ulumate yield, and have omit- 


ote symbeses, in which a, «unsaturated cyclic ketones are obtained in insignificac yield [12, 14) 


in this pape: we give a general method for the preparation of a, 8 enmturated cyclic ketones: ft is s besed on 
bvomination of satuwated cyclic ketones and subsequent elimination of hydrogen We give also a 
ed method fo: the preparation of 2, 


‘The bromination of 2-methylcyclokexanone was performed in an inadiated ineaaikadens orton at 
30-35" in presence of calcium carbonate. At a lower temperature the reaction proceeds urregularly, and the yield 
2s lower. Bromination by means of dioxane dibromide in ether gives worse results. “es 


In the early experiments the bromo ketone was isolated by vacuum éinniibanion. bu it was oti found to me 

mae expedient to treat it immediately, without tsolation, with diethylaniiine, The elimination of hydrogen bro- 
. m.de was Carried out at 100°, and the 2-methy!2-cyclohexen-l-one formed was distiHed off (58% yield). As the te- 
sults of ozonization ‘showed, none of the isomenc 6-methyl-2-cyclohexen-l-one was formed: only acetic and 
Gant acids were isolated after ezonization; no aid was detected: 
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has thes eet doubt thet the brom:nation of 2-anethylcyclohexanone occurs entirely at the 
atom this in complete accord with A. Favo:sky’s results. (5) on the bromination of S-mevhyl- 
th Sromine again reacts at t the carbon atom: 


ore we a5 savestigation in order to find the test scethod of p:eparing the 2-methyicvclopentanone. 
tequired a8 We investigated the methyztioa of the sodium derivative of cyclopeatanot with 
methyl ez sulfate in ether ot liquid am-aenia at — 76% In the Lterature there is a desczsption of 
the of with methyl iodide in presence of sodamide [16], but side reactions occurted 
leadng to of exclopentylidenecyclopentanoce (up to 90%) and products of the further methyis*ion 
of.mechvl« spewazore. We obtained a smaller cf condensation products (40- -50%), but in all cf the 
enperimens tne meth sation productconsisted of a of with mono- and 
pentanozes, she se patatic sa of which, owing to the closeness of the Soiling points, was extremely difficult. 


to the use of the readily available meth for the preparation of 
2 _By oxidauon of this should be possible to obtain 2-methylhexanedioic acid (together. 
adip.c Cyclization of which should yield the reqizred ketone. Actuaily, ox:dation of 2-methy!cyclo- 
exanoi ac-d iz presence of ammonium vanadate gave 2-methy!hexanedioic acid in Wh yield. The 
€3C lization of this, howevesz, with the aid of baryta or acetic azhydride gave only 10-12% of 2-methylcyclopentan- 
‘i one. We therefore cons:cered um more expedient to proceed by the usual method: the Dieckmann condensation of 
Siethy! adzpzte, by methylation and decarboxylation [17 
\ 


Atthough an ences of methyl! iodide was wed at the metkyiztioa sage, he ethyl ester of 1-2-oxmcyclo- 
was conta minat y the original ecazboxylic est2:, which was removed 
by agtacces ine product with cold caustic solution. 


Brom:- of 2<nethylcyclopentancne was carried ow a water system at 22-24° in presence 
"of magnes:cm cardonate (calcium carbonate gave a lower yield). I was found that, when bromination was slow, - 
aéd:ton of a few of hydrochloric acid was useful. Ei:mination of hydrogen bromide was effected with the 
of as in the case of 2-methylcyclohexanone. The yield of 


Aziz ite ca¥ of 2-methylcyclohexanone, of 2-methy occurs at the 
atom, as the resuizs of the ozonization of the methylcyclopentanone succinic acetic 


caation of atthe thet of the two ketones already with some  dif- 
‘ficulty. It was found, however, that it could be carried out smoothly by adding about 20% of cyclohexanol to the - 
cyclohexanone and increasing the amount of bromine correspondingly. The elimination of hydrogen bromide ; 
from 2 tromocyclohe xanone required a higher temperature (about 150%. The yield of 2-cyclohexen-l-one (IV) ° z 
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was (on the cyclohexanone that 
2Cyclopenten-l-one (V) was prepared in a precisely similas manner by bromination of fol- 
~ lowed by elimination of hydrogen bromide from the 2-romocyclopentanone formed, but asa result af ‘resimfica- 
tion the yield was only 25% (on the cyclopertanone that reacted), : . ne 
Details coacerning the a,B cychie that we have prepared are given in the table. 
M.p. of semicarbazone (°C) 
= Name of ketone 8.p. (*C/ mm) 
2 1.4865 206-207 (dec.)} 208 [14] 
2 Methyl-2-cyclopemen-lone ...... 1.4779 218 (dec.) [220 (dec.) [10] 
2 Cyc lohexen-lone.... 1.4872 161 166 [3] 


‘We have also simplifizd the the of 2 (D. kas been 
eer previously from 2-methyl-1,5-hexadien -3-yne in three stsges: 


[ 
4 CH= CCOCHCHCH, 


| 


60 
= C -CO-CH,-CH = CH, > 


= was found that the sage in which methanol is eliminated from the methoxy ketones could be omitted, the lat- 
"tex being subjected directly to the weatment with acid (phosphoric or hydrochloric), In this way not only was the 
‘overall yield of the I increased (by about but the tame for the preparation 
"was reduced, 
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A mivure of 500 g of ocre ‘190- 193°; ni 1,545), 20 mt of akehet. and 18 g of Raney nickel wat 
Placed in a two-liter rotating autoclave, Hydrogen at a pressure of 120 atm was inuodueed froin a cylindes, ard 
*he autoclave was heated to After 2 hyuts 30 minutes the pressure had fal'en almost zero, Mote hydro; 
gem was passed 17 under a piessure of 12° atm, and the teinperature wat tarsed to 169-170% two hours the 


pis essure had fallen to 75 atm and hydrocenation had ceased (the pressure of byd-ogen reniaines constant a given 


bexarore, at 13 mm; nf 1.4482, 


.ained were: 


impetature) The autoclave was rotated for a further two hours at 170°, cooled, and d:charged. The coments 


p. 66-78° at 29 mm; ll gin 1.4590 


Fraction Il, b. P. 18-60° at 29 ram; 487 g; Ny a; 4610 


Fraction II was 2-methyleyclohe xano'; meld 


A m:xture of 350 g of 2-metkylcyclohexanol (b.p. 78-80° at 29 mm; ni5 1.4610) and 250 ml of ether was 
placed in a three-liter flask f:tted with mechanical stirrer, dropping funne!, and thermometer, An ox:dizing mix-- 
"we prepared by dtisolving 350 g of sodium dichromate dihydrate and 455 g of sulfuiie ac:d in 1500 ml of water 


_was then added over a per:od of six hours with vigorous stirring and cocling (a temperature of —3 to—7° was main- 


tained}. The reaction micure was stined for one hour at —2°, placed in ice overnight, and stirred on the next day 
for three hours at 0°. The ether layer was separated, and the water layer was extracted four times with ether. The 
umiced ether extracts were shaken with potassium carbonate until neutralized, and then dried with magnesium sul- 
late. The ether was distilied cff, rs the residue was vacuum distilled, yielding 296 g (8 Fh) of 2-methylcyclo- 


Mechy! -2-cy<lohexen- l-one (11) 


A misture of 224 ; (2 moles) of 2-methylcyclohexanone, 220 m! of water, and 312 g of fineiy ground cal- 
was placed is a two-liter flask ficted with mechan: ical sturer, dropping funne!, and thermometer. 


‘The mucwe was vigorousl, surred for 36 minutes while irradiated ‘with a 1000-wart lamp, and, with the tempeia- 
twe at 30° add:t:on of a solution of 320 g (2 moles) of bromine in 260 nl of chloroform was begun, a a 


2:omiz.atio1 began -mmediately, and addition of bromine was continued for 30-40 minutes, the temperature 
be the 30-25 When reaction wat complete, the upper layer was seperated and the water 
was excracted three with éther. The ether-chlozoform exact was washed with a solution of sodium bi- 
eiogee avd sod.um ‘h-o,.!'a:e, and then 220 ml (2,15 moles) of diethylaniline was added. The solution was 
eG with sodium sulfate, and ire solvents were slowly removed at a moderately low pressure over a period of 56 
aici The contents of the flask were then heated for three hours in a boiling water bath, the pressure being gradu- 
alls lowered to 20-25 mm, and a mixture of 2-methyl-2-cyclohexen-l-one, 2-methylcyclohexanone, and a 
arlire g:adually came over: toward the end the pressure was reduced to 7-19 mm, The distillate (173 gin 
1, 3640) ‘a: fractionated though a Fenske column having a glass The fractions 


Fraction 0, b.p. 44-S4° at 9 mm; 19g: 1.47200 
Fraction IG, b.p. 54-56° at 9 mm; 10 g; 1.4835 
Fraction TV, 56°_ at 9mm; 108 g; np 1.4865 


I was Fraction M contained more the methylcyclo= 


_hesenone I. Fraction [V was pure 2-methy!2-cyclohexen-l-one (Il), b.p.. 56° at 9 mm; nb 1.4865; 0, 9667, The 


overall y:eld was 58% (on the amount of methylcyclohexanone that reacted), In this way we repared more than 


of 2-methyl2-cyclohexen-1-one, The semicarbazone melted at 


Ozon:zet oxygen (S& ozone) was passed at 0° for ten hours at 6-1 liters per hour teceah a solution of 6, ‘ g 
of the Substance a in 35 ml of rm. Water (50 ml) and 30% hydrogen popes (s ml) were added to the 
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ggon'de woluton, which was hen tured at 50° for three hous. The mixture was cooled and neutralized with so- 
@ om sarbona.e, ard the aq.ro.s solution was sepazated ard evaporated to dryness under reduced pressure, The 
dv) sats weed solved tn 18 ml of 30% hydrochlor!e ar:d, and she ogame acids were exsacted by several treat- 
mens ~.thesher, The ether solution was dried with magnestum sulfate, and, after removal of ether, volatile acids 
were d's :lled off at moderasely low presswe, The product was 2,35 g of acetic ac:d, which was wentified by the 
*acod,l ser, absence of formt« acid being proved by the calomel! mezhod. The residue after removal of volatile 
wa: vac and yielded 4,8 g cf glutaric ac:d, b.p. 165°*/ 4 mm, which completely solidified (m.p. 
adiniyt ure with ac-d there was no mel-urg po:nt depres::on, 


from: racton of 2- Meths Ic yclohe ranone_ with Ditoxane Dibsomide 


d’biom:de wa: p:epa:ed by Favocsky*s method (18} Dry dioxane (b.p. -100- 101% 53g g. Le., 0 
«a+ placed ‘na porcela:: beaker and was sized with a glass tod while bromine (80 g, Le., 0, 5 
mate) was added g:adually <n sma!) po:tions, The reaction mixture was heared to 60-70° and then cooled, when it 
sol'd ed to an orange crys'alice mass, which was dried in the aur between wo sheets paper. A theoretical : 
(125 g) of d- ovare d: brom‘de was obtained, 


-A m-rure of 100 ml o° absol we ether and 56 g (0.5 mole} of ¢-mechyl was inan’ 
Frle-me flask and was s: ed for two hour while dioxaxe d:b-omide (125 g, Le., 0.5 mole) was added in small - 

- po.cto"s, the temperature being maintained at not above 22-23% Theie was a vigoious evolution of hyciogen bro-. - 
mice, Wen the addition was complete, the reaction mixture was washed with 10% caustic soda solution until ‘ : 1 
ard chen a solution of sod:um thiosulfate, The ethe: layer was separated and mixed with 

- g (0.5 of diethylan: line, Elimination of hydrogen bromide aad isolation of the ketone were performed 
b, che me-hod ir she preceding expe:iment.. Tae pzoducts 3g of unchanged methylcyclohexanone 

24,5 g of 2 mexhyl y- lohexen-l-one, b.p. 61-63* at 14 mm: 1.4845; the yield was 47% (on the amount 
me thar reacted), When the b:omination was pezfo:med under the same cond tions, with 
an add‘ ito> of .ale:um carbonate, practically the s same results were ob:ained. 


Me: oe lat:on of Cyclopertanore 


Sodam‘de pzepared by N-euwland‘s method Ligu:d ammonia (250 ml), sodium 5 and 
15 g' placed na three necked ore inter flask fired with mecurysealed stirrer, thermometer, drop- 
p.a funze. acd *ube ‘or passage of aiz, The flask was cooled with dry ice, and dry air was passed through the 
m a on was obtained. Moze sodium (10 g) was then added, and the mimure was sured 
1 re d:sappeaced, Absolute evher (200 ml) wa: added, che coolirg mixture was removed, and the 
a'lowed to evapo-ate at 100m temperatuwe, Wren the temperature in the flask had become equal 
ra of :oom, the was again cooled to— 70° and was stirred vigerously while 42 g (0.5 mole) of 
‘locet was acded over a period of minutes: the temperature rose to 50° Then, over a petiod of . 
mi 8s g (0.59 mole) of methyl icdide was added, and “he tempe-atuie to 15°, in spite of the ap- 
cootng dey ve. The mixture was stirred fo: a further ten minutes and ther decomposed by sddirion of 
_Wgatidn ammon_um chlo-:de, which was followed by 256 ml of water, The usual treatment and vacuum Gistil- ia 
e'ded 20 g of b.p. 30-40°/ 15 mm, and 11 g, b. p. 125-1297/9 mm. 


of the firs portion of the distillate under pressure the following f factions: 


Fraction Pp. 80-132*: 1 g: ad 1.4390 
Sartio: b.p. 132 136°; 12 g; 1.4360 - 
=. & P. 136-139"; 6 ginp 1.4360 


"The sem catbazone obtained’ from Fraction I melted at the was 
_ mechylation products of cyclopentanone (m.p. of 


"Merbylarion of the sodium derivatives of with methyl iodide and 
me-ty! agait gave a muaure of products, a of high- 
co-demation products, : : 


acd of sp.gr. 1.4 (245 ml) was placed ina tlask fined wath mechanical 

Hermome-er, dropping funnel, and reflux condenser, The acid was heated to 108°, and additiors were made 

of ammonium vanadate and a few drops of 2-methyic yclohexanol; oxides of nitrogen were evolved, 
Feartion mixture was cooled to 60°, and 50 g of 2-methylcy lohexanol was added at 60-70° over a perlod of 
4 ove tow, The mimue was thes heated in a water bath for one hour, and was placed in an ice bathovemght,. . - 
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the next day the precipitated ctystals were off under suction; they melted at 108 - “118° and consisted 


The filtrate was evaporated to ol the vice ol! that tidified 54 1-999, It 


dsolved in 200 mi of ether and set aside at O° overnight. A further 3g of adipic acid, m.p. 120-128° was pree - 


cipitsted. The greater part of the ether was removed under reduced pressure, and 50 g of crystals, m.p. 60-67% - 


was precipitated; they consisted essentially of 2-methylhexanediaic acid (published values for the 


of 2-methy!hexanedioic acid range from 57° to 64° 


Syetization of 2-Methylhexanedioic Acid 


A of 42 g of 2 methylhexanedioic acid, as a was” 
- placed in a Wurtz flask, which was then heated on 2 Babo funnel. Distillation began at 285-295", and was con-" 2 
“tinue. for two hours. The ketone was salted out of the distiliate with potassium carbonate, and was extracted : 
with several of ether. The ‘usual treatment and fractionation 


The semicarbazone prepared from Fraction I melted at 170 - “111°, and he melting was not 


by addition of the semicarbazone of 2 methylc yc lopenta nc none. Cytitzarion by Blanc's method [22] by the use of ~ 
acetic anhydride, gave 10% of ‘ketone. 


Preparation ‘of Diethyl 


A miaure of 1000 ml of benzene, 660 ml of alcohol, 400 g of acid, and 100 of 
sulfuric acid was placed in a three liter flasx fined with mechenical stirrer and reflux condenser. The mixture 
was Soiled and stirred vigorously for five hours. The benzene layer was ‘separated, and the aqueous layer was 
extracted twice with benzene. The mixture of water, alcohol, and tenzene was distilled off under a moderately 


_low pressure Distillation of the residue yielded 539 g (97%) of diethy! adipate, b.p. 127-128713 mm, ob 1.4280. 


Preparation of the Ethyi Ester of 2- -Oxecyclopentanecarboxylic Acid . 


A misture of 495 9(2.15 moles) of “molecular™ sodium (all the sodium must be in a finely dispersed con- 


‘diticn) in 1260 ml of absolute toiuene, 362 g (1.5 moles) of diethyl adipate, and 15 m! of absolute alcohol was 


-wigorously stirred while being heated under reflux in a water bath in a three necked three-litcr flask. The sodium 
derivatives began to come down at 60-70° The mixture was heated for four hours in the boiling water bath, and . 
the whole mass finally solidified and wzs set aside overnight. On the next day 200 ml of toluene was added, and 
the mixture was decomposed with 700 ml of 7% HCI. ‘The toluene laye: was separated, and the water _ 
‘layer was extracted with toluene. The united exacts were washed with water and dried with magnesium sulfate. 
Toluene was removed under reduced pressuze. and the residue wes distilled, yielding 209 g orn of the — 

ester of 2 oxocyclopentanec arboxylic acid, b.p. 110- 113°/22 mm, ap 1.4525. = 


. Methylation of the Ethyl Estes of 2- us Acta 


Sodium ethoxide was prepared by dissolving 44.2 g (1.92 gatoms) of sodium in 1000 ml dates a 


iia cckol contained in a three-necked three-lier flask fitted with mechanical stimer, dropping funnel, and reflux 
“eondenser. The ethoxide solution was cooled to — —13° and was stirred while 300 g (1.92 moles) of the ethyl 


‘emer of 2-oxocyclope mtanecarboxylic acid, cooled to ~ 13° to- 15%, was added over a period of 30 minutes. _ 
While stirring was being continued at the same temperature, 275 g (1.97 moles) of methyl lod ide was added in © 


_ ne jot, and stirring was further continued while the temperature was faised to that of the room, which took 


5-6 hours: during this time the voluminous precipitate of sodium derivative gradually disappeared. The re- — 


-, action mbaure was set aside at room temperature overnight, and on the next day-the greater part of the alcohol. 
_ Was distilled off under reduced pressure. The residue was treated with 200 ml of water and. carefully extracted =H 


with ether. The extract was dried wets sodium sulfate, the ether was removed, and the residue gave 286 g of 


distillate, b.p. 106 - 118°/16 mm, 1.4465. The disillate an intense violes color with alcoholic ferric. 


imo a two diter flask fitted with stirter, 60 = of to and adding. 


2 
‘ 
: 
/ 
‘ 
&§ 
é 
| 
i 
4 
“y 
4 
: i 
> 
; 
nae 
Ag 
; 
gre 
\ a 
“ 


chloroform with carbon tetrachloride lowered the = still more. 


with vigorous stisring also cooled to 0°, of 32 g of caustic potash in 800 mi of water. Stirring was 
continucd for three minutes; The ether layer was separated, and the water layer was extracted with ether, The ether *° 
extracts were dried with calcium chloride, and the solvent was distilled off. Fractionation of the residue yielded 224 - 
g (67%) of the ethyl ester of I-methy!2 acid, b 116<119°/25 mm, a5 1.4465, The . 


prod uct gave no color with fersic chloride, 


Preparation of 2-Methyleyelopentanone ; 


A mia ure of 510 ml_of concentrated hydzochlor{e acid, 1020 mi! “a water, 256 g of the ester of 


i-methyl 2-oxocyclopentanecarboxylic acid was placed in a three necked three-lires flask firted with mercury 


' sealed stirrer and reflux conderse:; the lame< was fitted with a delivery tube thst passed to a flask containing 


ether for the adsorption of methyicyclopemanone vapor carried away by carbon diodde evolved. The stirred 


" mixture was Leated in a water bath for nine hours, During the first two hours there was vigorous evolution of 
_ carbon dioxide, which then subsided The solution was cooled and carefully extracted with ether (ten times), 
~. The ether extracts (together with the ether from the absorption vessel) were washed with a concentrated soiution _ 
of sodium carbonate, andi then dried with calcium chloride. The soiuticn was transferred to a flask fitted with a — 
pass ‘Yigreux column, ard the ether was distilled off and the residue fractionated, 98 g (69%) of a fraction of. 
“bp. 136-137%, n nb 1.4360, being collected. This was 2-methylcyclopentanone; the semicarbazone melted at 


110-171*. Altogether, 700 g of methylicyciopertanone was obtained by this method. When alkaline hydrolysis 


was used, the yield of methyicyclopemsnone fell to 50 -5¢h. 


of 2-Methyl- 2-cyclopenten-l-one (111) 


A mixture of 98 g (1 mole) of 2-methylcyclopentanone, 50 ml of chloroform, 62 g of magnesium carbon- | 


ate, and 150 m! of water was placed in a three-necked 500-ml! fiask fitted with mechanical stirrer, dropping 


' funsel, and thermometer The “suspension was stirred at 22-24° for two hours while 152 g (0.95 mole) of bromine 


was added. <n order to initiate the reaction it is useful to add 0.5-1 ml of concentrated hydrochloric acid while 


"the sticzer is stopped; this creates a iocal concentration of hydrogen fons, which promote reaction. When all of 


the bromine had been added, the chlozoform layer was separated and the water layer was extracted three times . 


- with ethe:. To the combined extracts 160 ml (1.07 moles) of diethylaniline was added, and the solution was 


dried with sodium sulfate. The solvents were distilled off under a moderately low pressure, and, with the pressure 
reduced to 25 mm, the residue was heated in a boiling water bath, when a mixture of methyleyclopentanone, 
2-+methyl-2-cyclopemen-I-one, and diethylaniline passed over to the receiver, which was cooled ina freezing 
mixture, The distillate (67 g ) was fractionated through e Fenske cclumn —s a glass oe. 


Fraction I “b.p. 37-29° at 15 mm; 17g: 2 

Fraction b.p. 3942°ar 15mm; 2g: 0514430 

Pi Fraction Ii b.p. 52-53° at 15mm; 40g; n§ 14170 
‘Residue 4g. 


Fraction was almost pure 2-methylcyc topentanone, and Ill was pure 
The yield was therefore 51% (on the amount of methyicyclopemanone that reacted), ° ; 


‘The semicarbazone melted at. 128°(decomposition; ina sealed capillary), ard the oxime at 122" om . 


alcohol). Dane No} gives 220° (decomposition) and 128° respectively. 


Replacement of carbonate with caicium carbonate lowered the to Replicement 


A sol:zion of 2.0 g of 2-methyl-2<cyclopenten-l-one in 30 ml of chloroform was enoaized at 0° 18 liters 
of ozonized oxygen (6% ozone) being passed in the couse of 4 hr, 30 min. Water (10 ml) and 30% hydrogen 


“peroxide (6 ml) were added to the chloroform solution of the ozonide, The mixture was heated with stirring - 


at 60° for five hours, and then cooled. Sodium carbonate was added until carbon dioxide was no longer evolved 


" (3.5 altogether), and the water layer was separated, extracted with ether, and acidified with concentrated 


hydrochloric acid until it was strongly acid to Congo red (5 ml required), On cooling, the solution yielded 


_ Crystals of acid, which were filtered off under suction and washed with a small amount of cold water, The prod - 


uct, after drying over phosphoric anhydride, was 1.05 g of succinic acid, m.p. 180-181°% A mixture melting 


~* point with authentic material showed no depression, The aqueous solution was extracted with benzene, and 
evaporation of the benzene under reduced pressure yielded further 0.2 8 of less succinic m.p. 
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Preparation of 2 -Cyclohexen- steone' 


‘A mixture of 20 g of cyclohexanol, 80 g of cyclohexanone, and 10 g of Calcium carbonate (chalk) was a 
placed ui a three-necked 5004n1 flask fitted with stirrer, dropping funnel, and thermometer, and was warmed 
to 38°. Tothe stimed mixture, 182 g of bromine was added over a period of 4-4.5 hours, the temperature being ; 
enear ninel at 35-37° by regulation of the rate of addition of bromine. It was found that at first stirring must 
be slow, as otherwise the bromination fs held back: in that case reaction may be promoted by stopping the 

sturrer and adding a few drops of cyclohexanol. The chalx must not be too finely ground, and a great excess : ore 
must be avoided; otherwise, toward the end a difficuldy separable emulsion is formed, 


When all of the bromine had teen added, stirring was continued for a futher 30 minutes. "The crude 
bromocompound was separated, and the water layer was extracted three times with ether. The ether extracts 
were added to the crude bromo coimpound, the solution was dried with magnesium sulfate, and the solvent 
was driven off under reduced pressure. tr was found that the crude bromo compound had to be used quickly . 
for the HB&-elimination reaction; otherwise it resinified. Also, it was necessary to take the bromo compound in : ae 

$mail portions (20-59 g) ‘for the HBr-eliminatioa reaction; otherwise reaction went with great and 


| 
‘Crude bromo compound (50 g) and (so were ina flask a j 
column, The elimination of hydrogen bromide was effected by rapid heating of the mixture at a residual pres- ! 
suze f 190 mm to 150-155*, 20 g of distillate being oxained. When all of the bromo compound had been treated | 
in this way, the distillates were united and fractionated through a Fenske column having a glass filling; they ; 
7 Ks yielded 26 g of unchanged cycleiensnene and 26 g (35% on the amount of cyclohexanone that reacted) of 2-cyclo- 
; : hexen-l-one, b.p. 63.5° at 23 mm, i) 1.4872, The semicarbazone melted at 161° _ alcohol). 


Preparation of 2-Cyclopenten-1-one (Vv) 


4 ar A mixture of 45 g of cyclopentanone, 5 g of cyclopentanol, 100 ml of water, and 30g of quail calcium 
carbonate (chalk) was placed in a three-necked 500-ml flasx fimed with mechanical stirrer, dropping funnel, and 
: thermometer, The mixture was warmed to 35°, and 80 g of bromine was added with stirring over a period of three ah. 
| hours. Treatmem of the zeaction mixture and the eliminat:on of hydrogen bromide were carried out exactly as in ae 
the case of cyclohexanone. The yield of 2-cyclopenten-l-oze, b.p. 45° at 12 mm, and nff 1.4720 was The 
| melting point of the semicarbazone was 214-215° (from alcohol). he : : 
i 


_Ozonizeation of 2- -Cyclohexen- -l-one (IV) 


Ozonization was carried Out as in the case of 2-mez and 2.5g of ketone 
oof gltaric acid, m.p. 97°. A mixture mehing point with aa zuthentic sample showed no depression. 


of 2-Cyclopenten-l-one (Vv) 
Ozonization was carried ow as in the case of and 4¢ of ketone yielded 


2 Me 5 g of succinic acid, which melted after two crystallizations at 182-183". A mixture melting point with an 
authentic sample showed no depression. 


Preparation of 2. Dimethyl 


1. Hydrafton of 2-Methyl-1,5-hexadien-3-yne, Water (180 ml) was in a five liter flask fined 


an efficie-2 mechanical stirrer, and 11 g of sulfuric acid and 15 g of mercuric sulfate were dissolved successively * 
in the water. Stirring was begun, and a sclution of §60 g of 2-methyl-1, 5-hexadien-3-yne in 1800 ml of methanol i fa 3 
was added. The mixture was heated to 60°, and stirring was continued at that temperature forsixhouws,lgof .  §. k : 
ay finely gound mercuric sulfate being added after each hou. The mixture was set aside over night, and oc the % ‘a 
next day stirring was renewed and the temperature was brougtt to 60°; stirring continued for a further six hours, — ipon 


and 7 8 ty mercuric sulfate was added at the beginning and then 1 @ per hour for the remaining tme. 


“The liquid was transferred to a flask having | a Vigreux column, and the bulk of the methanol was removed © 
in a water bath at not above 35° under somewhat reduced | pressure. The residue was neutralized to litmus witha 
solution of sodium methoude (10 g of sodium in 200 ml of methanol), and 500 ml of ether and 50 g of zinc dust 

. were added. The. mixture was shaken vigorously and then allowed to stand for 4-5 hours with periodic shaking, 
_ The solution was filterea, 5-6 ml of dimethylaniline was added. and ether was removed in a water bath. Resid- 
_ Sal ether, methanol, and water were then removed under a moderately low pressure, and the residue was vacuum- 
- distilled from a Claisen flask, Distillation was continued until, at a bath temperature of 130°, practically nothing 
further came over. - The _— of methoxy, ketone mixture, b.p. 70-100° at 20 mm was 900-060 g. 
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pS Cyc lization of the Mixtuwe of Methoxy Ketones with the Aid of Phosphoric Acid. Acid. The above desctibed 


mixture of methoxy ketones (580 g) was placed in a three necked, two liter flask fitted with scaled mechanical 
stirrer, thermometer, and dropping funnel, and was stirred while 580 m1 of phosphoric acid of sp,gr. 1.77 was added, 
The temperature gradually rose and attained 60-45° when about half of the acid had been added. Cooling was ap- 


plied so that the temperature did not exceed 70°. Addition of acid occupied about one hou, and the reaction mix- 


twe was then heated at 70° for a further two hows, ! was then cooled, 500 ml of water was added, and the mixtwe 
was sured and cooled with water while 460 g of anhydrous sodium carbonate was added ‘n sinall portions. The 
uppe: layer was separated, and the lower layer was exacted three times with ethe: (5COm! altogether), The 
combined extracts were neutralized with potassium carbonate powde; (about 50 g), ard tren f.lte:ed. The ether 
was driven off, and the residue was distilled from a flask having a Vigreux column, T-~o fiactionations y:elded 
300-325 g (49-53% on the amount of methylhexadienyne taken) of b. 

at 16 mm, nff 1 4675-1.4685, 


iu. Cyclization of the Mixture of Methoxy Ketones i the Aid of nieecltene Acid, A mixture of 1080 
g of the above described mixture of m ahoxy ketones (b.p. 70-100" at 20 mm) and 2160 g of 18% hydrochloric acid 


was stirred for four hours at 80-85* in a three necked, five liter flask provided with sealed mechacical stirrer, 
‘thermometer, and dropping funnel, The mixture was then cooled and neutralized with sodium carbonate (about 


550 g). The upper layer was separated, and the lower layer was extracted three time. with ethers (about 1060 mls 


' altogether. The combined extracts were dried with calcined potassium carbonate and filtered, Exher was dis- 
tilled off through a column, and the residue was fractionated from a flask having a good Vigzeux column, 


Two fractionations gave 600-630 g (55-59% on the amount of methylhexadienyze taken) of 2, 4-dimethyl- | 
. 2-<cyclopenten-l-one, b.p. 50-52° at 9 mm, ny 1.4670, The head ard tail fractios. mounted to 60 g; there was 
215-220 g of residue, : 


1. A general method has been developed for the preparation of a, B unsaturated cyclic ketones. There are 
to tage:: b:omination of a cyclic ketone in presence of calcium or magnesium carbonaze; and elimination 
of hyd:ogen bromide from the bromo ketone formed, which is effected by heating it in presence of diethylaniline, 


2. 2-Methyl-2cyclohexen-l-one (58% yield), 2-methyl-2-cyclopenten-l-one (50% yield), 2c yclohexen-1- 
one (35% y-eld), and 2 yclopertez-l-one (25% yield) have beer prepared by this method. - : 


3. It has been proved thar, in the tromination of 2-methylcyclohexanone and of 9-meihylcyclopersenens, 
bromine attacks the tertiary carbon atom, and not a secondary carbon, as asserted previously by some workers. 


The method of prcparing hes been — 
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"SYNTHESIS OF STEROID compounps AND RELATED SUBSTANCES. 


“COMMUNICATION xvin. CONDENSAT: ON OF 

3, “HEXAHY 3ALENONE. AND 
“3.4 40.5, 6, 8a-HEXAHY DRO-a-METHYL-8-VINYL-2(1H)- -NAPETHALENOSE 
4-DIMETHYL-2-CYCLOPENTEN- 1-ONE*. 


The simple method that we have developed in ur laboratory for the preparation of polycyclic compounds — 
- having angular methyl! groups{1] has made it possible, for the fira time, to carry ow the total srataesisof stewid- 
sige ketones belonging to the cis-cis series, An important imermediate product for the synthes:s of these compounds 
isthe has been described in detail ina previous commiication By con- 
‘densation of this substance with 2,4dimethyl2-cyclopenien-l-one we have already an fsoma of 
: [1] although the structuce of this bas not been established, 


In the present work we have made a detailed ody of the condensation of 3 4,42, 1,2 .£2-Lexak;tro-4a-methyl- 
S-viny!-2(1H) 12 phthalenone (1) and 3,4, 4a,5,6, (1) with 2,4- 
dimethyl-2-cyclopemen-l-one (II). In this condersation, depending on the orientation of the reacting compounds, 
two series of isomers may be formed: one in which the keto group {s in the scope (the — arectwe), . 
and ore in which is in the 15-posirion (he 


‘The sunber of in each series fs by the of atoms 
‘ by large dots) and by the cis-addition rule that applies in the diene condensation. It will be readilyseenthatthere 
_ is a possibiliry of otcaining eight racemates in each structural series, For structures of the 
fox — all the racemates are below: 


- 


«This article is prinred at greater than the prescribed length with permission of the Editorial Boast, 


- 
e 
is: 


Clty 
o” 3 
- Actually, when diene (1) was s heated with 5-8 times its weight of the dimethylcyclopentenone 2 
od 10-13 hours), a 55% yield was o&ained of a mixture of isomeric steroid ketones, from which three isomers a = 
14,1 15-dione (IV A, IV B, and IV C inthe proportionsef approximately) 
were isolated (the nomenclatur> used here for such synthetic steroids 1s that proposed by Nazarov [3]. It was : Fas F ~ 
found that all three compounds were of “inverted” structure, and the d:fference between the isomers!VAarnd 
LV B was determined by the spatia! arrangement of the substituents at Cyy—C yy and that between iv C and IVA. s 
ly in the dif ference in disposition of the atom at Cg 


ring 


| ‘The choice of a spatial configuration for the dikesone IV A from among the elght structures given above was 
wade onthe basis of the rules of the dicne synthesis; for thee are no direct proofs of the relative spatial dis- 
positions of the substituents in this di:eione, Stuart models that we made of the molecules showed that all eight 


structures were quite possible. 


‘In the proof of the structures of the steroid an important part was the differ- . 
ence in activity of the keto groups in rings A and D, Whereas the keto group ia ring A readily underwem Cleminensen © 
reduction, the keto group in ring D was not affected by this treatmem., The inertness of a keto group in the five- 
membered ring D has been noted on several occasions in the literature, Isomers of est:one and epiandrosterone, 

for example, which have carbonyl groups in the 16-position, are not reduced under these conditions [4] and reduc- 

tion of ee results in removal of “Ng the keto group in the six-membered 


- 


The structure of the diketone [V A was proved by the following series of transformations: Pe aa 


The diketone A was by reduction into 10, 14, (V), 


mp. 104°, which was futher converted by the Kizhner. reaction into 10, 14, 17-trimethyl-2 cardostetene (V1), De- 
", nydrtogenation of this hydrocarbon in the presence of palladized charcoal followed by chro:natographic treatment 


led to the isolation of the so-called Diels hydrocarbon, 16, 11-dthydro-17-methyl-15H-< yc lopenta [a phenanthrene (VD... 


Substance 


> 
“3° 


The structure of the IV A was also in 2 secord, independect » Ways aamely, by irs conversion 
ume phenaathrene derivative es as below: 


a 


16, 17-Dihydro-15-t.eth yl-15H-cyclopenta [a Jphenanthrene. 


(T) 
of 


. 


derivative 


143-1446) 


147[7] 


148[6)- 
150[8) 


“The melting points of the hydrocarbon and of its compound with trinitrobenzene agreed with the values given in the 
literature and were greatly different from the corresponding values for 16,17-dih ydro-LS<7ethyl -15! ‘-<yclopenta(a}- 


which on dehydrogenation yielded the known 2-ethyl-1-methylphenanthrene (X). (x) was converted into the quinone ” 


(0), and then into the quinoxaline (XI). The melting points of (X) and (XID) agreed with those given in the lit- 
erature, and they were quite different from those of 1-ethyl-2-methylphenanthrene and ts derivative, which would 
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costespond to the *normal* structure, the melting points of the are together ard theveface 


Substance | 
of quinoxalire 


‘The structure of IV was moved by ihe of yielded 
the monoketone {XIII), m.p. 122°, which was distinct from the monoketone (V). By the se:ies of transformasions. ~ 
already described, it was converted into 2-ethyl-1-methylphenanthrene (X), which was chatecterized by its 


As the monoketones (V) end (XI) both give the same ethylmethyipaenanthrene {X) as a result of analogous - 
transformations, it is evident that they have identical carbon skeletons; the difference between them, and therefore 
, _ between the original diketones IV A and IV B, must lie only in the spatial dispositions of the hydrogen and methy) 


atC3— Cy, We do st consider that the difference between the dikeiones [V A and IV B can be explained bya . 
difference in the spatial azangement of the methyl ir the 17-position hec.ause we shall show in iater communica- 

, : tions that the condensatios of (I) with 2-methyl-2-cyclohexen-l-one and with 2-methyl-2-cycloventen-l-one leads 
to the formation of analogous stereoisomers, arid yet there is now no methyl group in the 1 T-position. 


, : The monoketone (XID was found to be identical with thst obtained by hydrogenation of the condensation . 
product of 3 8, (XIV) wath 2 


condensation fs described in the next paper in this journal, 
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ted uction of the isomer Iv C gave the same (V) as that otta ined by reduction of 

“the dsvetene IV A. It is most piobadle that the difference between the diketones IV A and IV C lies in the spatial 

depen tien of the hydrogen at Cg Under the conditions of Clemmensen reduction, the double bond is displaced 
$21) to &(9) in both isomers, and the same monoketone (V) is therefore obtained. : 


Displacement of a double bond in the prevence of acids and catalysts 0 occurs very readily in polyeyelle sys- 


Ths the folowing have been effected | in the cholestane series 
-HCl 
and zymosterol [15]’ The case of zymosterol is of particular interest the analogy with ou diketones 
the closest respect to the of the Bond): is ; 
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Under the action of chloride, is converted, ofa double bond, ‘Into 
which will undergo reversible isomerization into 6) 


x CH, 


When é with acids are 
in which,as Miescher has shown, the double bond is readily displaced to the e interting position in presence of _- i 


— 


HCI 


togzaphica lly. 


The positions of the double bonds in these compounds were established from absorption spectra. Compounds 


Raving an imter ting double bond are not hydrogenated in acetic acid in fuels of palladized charcoal, cenrvaess 


are readily hydrogenated. 


When the diketones IV A and IV 'B were treated with asian chloride in the ona, they were eceneed 
unchanged. However, they readily underwent iscmerization with displacement of the double bond when they were 
‘heated with a mixture of hydrochloric and acetic acids, . Under this treatment the diketones Sv A and IVC gave the. 

same isomeric ketone (IV D), whereas the dixetone IV B gave two isomeric diketones (IV E and 1V tv F). 


"It should be noted that none of the isomeic ketones Iv A, IV B, IVC, iV D, and iVE could be a 
in aicohol in presence of an Adams platinum catalyst; nor was any shift in the double bond to be noted. When 
hyéregerzted in acetic acid in the presence of the same catalyst, the diketone IV A remained unchanged, and the ~ 
dixetones IV B, IVC, and IV D gave mixtures of which cows not be separated 


Foe diketone Iv A, on in acetic in the presence HPICl, and 
n Sariun sulfate, gave a mixture of products, from which it was found possi’ le to isolate the crystalline hydroxy 


Ketone, 10,14,17trimethy1-S cardosteren: 3-0l-15-one (XVI). This, on oxiJation with chromic anhydride, yicided. 


2 


“2a, 


av mo. 200206" 


id 
{IV_D) m.p. 113-114 (IV B) m.p. 155-156 (IV E) m.p. 160-161 


10,14, 174rimethy! 8-cardosteren-3,15-dione D), Under comparatively of hydrogenation, 
_ Therefore, the double Sond of the ciketone IV A was preserved, being merely displaced from the &11)-to the — 3 = 


The determination of the positions double bonds in sysems a method is exremely 
f , difficult, For the cholestenols (a sd the ergostenols siinilarly) such a determirarion has been made in two cases . aha 
only: T-cholesten-Sol( y cho! exez0i) [18] and 14-choleser-3-0l (6-cholestenol) [19] In acher cases the positior 
’ of the double bond has been estabiised by comparisor. o1 values of specific rovatary power [20] 


In alloting the [positions of <he dowle bonds in the steroid diketoses thar we have prepared (IV A £), we 
have taken the following considezztio2s as our basis: 1,: The main reaction product formed ovey a wide range 
_ of temperatures, 130-200°, must Lave a double bond in the {11)-position, since ir is not likely that displacement 
_ of the double bond will occur at the relatively low temperature of the diene condensation (130°). 2. Under the 
/ action of hydrogen chloride the cordle bond tends to take up a place between the rings (owing to the presence of 
4 the angular methyl group, displacemem in ring D is excluded), 3, The displacemem of the double bond may be 
a reversible process, even though rex readily reversible. On these we the ove 
fer the diketones IV A Eto be the most probable ones, - 


_ When 3 .4,43,5,6, an: was 
2-cyclopenten-l-one (ID) under similar conditions, a mixture of fow isomers (XVII A, XVI. B, XVOD C, and XVID) 
of 10,14, 17-+rimethyl-9-cardosterene 2,15-dione in the proportions of 60: 35: 3: 2 approximately was formed, 
The first three diketones have the “inverted” structure, ard the. structure of the fouwth has not been esab- 


Clemmensen reduction of the dikerones A and xvii c) gave he known monoketone 
- and thelr structure fs therefore proved. When the iscntr (XVII A) was heated with hydrochloric and acetic acids, 

ft was converted pamially into the Komer (XVII E). The considerations already applied to the determination of 

“> the structures of the diketones IV A and IV C lead us two regard the formulas given above as the most probable: 


. Clemmensen reduction of the diketone (XVII B) yielded the monoketone (XII) described above so that iti tt 
; the spatial configuration of the diketone (XVII B) was identical with that of the diketone (IV B). When the diketone. . 
'. (XVM B) was heated with bydmochloric and acetic acids, tsomerization occurred only to a very slight extent, which 
"fs in contrast with the behavior of the dikcione (Iv B), which underwent 50% fsomerization, Neverheless, it was 


~ 
. 
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found pessidle to obtain S% yleid of the fromeric diketone (XVI F).. 


_ D) m.p. 164° 


Ketone, m.p. 80° 


A mixture of (Iv A) and av B) melts at 130-140", 


isomer C), m.p. 203-205%, was olated in the form of white needles, 


Clemmensen ieduction of the tsomet (XVL D) yielded a monokezone of in.p, $0", var 
from the monuketones {V) and (XL). The amount of the o:iginal diketone ava:tsbie +a. 09 mal. 'o perm.’ 
further investigation; the most that can be said ts that it has a different ctructwe fiom trat of the othe: Somers, 
The diketones A), (XVEC B), and (XVII C) do not widergo in the presence of an Adams 
cum catalyst, neither in alcohol nor in acetic acid, 


Hence, when the dienes and ("5 are condensed with the there are formed 


in every case a mixture of isometric steroid ketones of laveried structure, which difte: hemseives 
the of at Ca-Cy or the d: of 4 


 3,4,4a,7, (bp. 169-193" at 1 mm; aff 1 (5260) 
naph_nalesore (L) (b.p, 106-197" at 1.5 mm, apy 1.5270) were pre- 
pared by the method described in a previous commurca*ion [2] leperrez-l-ove was pre- lg 
by the cyclization of 2-methyl-1,5-hexadien-3-one, as described p:eviourly (21] (b p, $8-59° at 15 min: 
1.4675). The melting points of all substances descr ‘bed in As paper were desermined in a copper block: all. 


of 3, 4, 4a, 9. 8, IN) pacha 
2.4-Dimeth yl- 2-cyclopenteun-l-one {::i) : 


A mixture of 12.3 g of the dienone (i and 96 g of the dimethyleyc lopentenote was heared an atmos 
phe-e of cazbon dioxide in sealed tubes for 13 houcs at 170° e The excess (85 g) of "he dimethylc yc lopentenone was e 
distilled off ir. a water bath at a pressure of 15 mm, ard the :e::due was mived with 20 ml of petroleum 
ether and 1 ml of benzene, Crysall:zation sez in immediately. after one day the crystals that nad separated were a 
filrered off under suction and wa:hed with a mixture of pet:o’eum ethe: and benzene (19:1). In this way 7,9 g of 
a mixt-re of isomets of m.p. 130-146* was obtained, The mother liqucr vas evapo-ated dows under reduced pres- 
sure, and residual di!methylc yc (2.6 g) was removed :n a wate: bath at 1 mm -esidual pressure. The 
residue was dilited 5 ml of petoleum he: and chen set aside at 8-10" ‘ox two Gays. A second ciop of cry- 
‘sas ced (0.15 g; 1562C0°). The second mohei Lquo: evapo:a:ed dows, arc excess of dienone 


(2. 7g; a5 1,5235) was off ac 1 mm and a’ a bath temperazwe ro: above 154°; ihe was dissolved 


in am: of 3 ml of pet:o.eum ethe: and 1 m! of benzene, Actes day, a of was separated. 
(0.3g: m.p. 140-1595, Inthis way 8.35 g altoge:rer of a mixnve of civaaliine somer of 10,14,1 Ttzimethyl-- 
cardoue:ene-3, 15-dioac was obta‘ned. The y-eld +a: 4% 07 the amount of tne (5 taken, o1 on the 
amount of diezone that seacted. 


By ‘:act‘onai of the ard thd batches of « rytal fom: amcue of peuoleum echer and 

benzene (3: 6.7 g of t:ome: A), m.p. 166-167°, acd 9.15 g of fsome: ©}, m.p. 156-156.5', were tsolated. 

sepa-ation wa: .erde-ed diff.cult by the fact -hat hey have almo.* the same solubility and sepacate out 

gethe:. By a combinatior of slow crysiallization with mechanical sepacaco.- of the quitad omess, it wat 

pos:ible to effect the separation. <r. othe: expe:zmen‘s somewha: greater amount: of she <some: (“7 &) [with respect 

to the isomer (IV A) were obtained than those shown above, 'n one experimem, fo: example, 0.12 g of isomer (IV B) - 

was obia:ned together with. 1.6 g of some: (IV A}. The tsomezi (iV A) has am characterized previowly 


“found 19.8; 19.8: 9.45; 9.6 


By crystallization of the second crop of crystals hom: a of m mechanol benzene 10 mg of 


Found %: C 80.1; 80.25; 


A mixture of 260 mg of the dikeione (IV A), m.p. 166-167" ml of acetic acid, int of Conc enm:ated hydro 
chloric acid, and 6 ml of toluene was boiled unde: seflux for ten hows §=The tolveve layer was scpmaced, and the 
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aqueous was diluted with an amount water and extracted with benzene- 


gure, the residue was Crystallized fiom ml of alcohol, 140 mg of the diketone (IV D) in the of large 


tion occurred when a xylene solution of the dixetone (iV A) was heated at 170° wade seven wees, aren 


of the Diketone (iv_B) 


‘Clemmensen Redaction of the Dis etone {IV A) 


ketone (V) was obtained in the form of white m.p. 100-102". The pure ketone melted at t 103-104° (fom 


“The dinitrophenylliydiazone formed: beautiful yellow needles, m.p. 292-233" from 


Crystallization from 0.5 ml of ether at 15° ylelded 21 mg of the ketone (V), m.p. 100-101, A mixture 
point with x sample of the ketone obtained in the preceding was not depressed, 


‘Clemmensen Reduction of the Diketene’ (1V B) 


. 


toluene extracts were neutralized by agtiation with 1% caustic soda After removal of solvent under reduced pres- 


when a solution of the diketone (Iv A) in aceuc s¥ was treated with iitmeen chloride in the cold for 
12 hours, no isomerization occurred, and the subsiance was recovered unchanged. In a similar way, no isomeriza- _ 


‘This reaction was carried out similarly to the preceding one. From 285 mg of the diketone (IV B), m.p. - 


156-156. 5°. 130 mg of diketone (IV E) was in the form of long prisms (from 162-208". 
Found 7. : 79.9; 79.8; H9.4; 9.3 

2. Cah wasted C 26,6;. -H 9. 

‘The (IV £). when mixed with original diketone (IV B) or with the A). gave a 

_. suongly depressed melting point. From the mother liquor 15 mg of the isomer - F) was isolated in the form of aa 

| Found %: C801: 19.8; H9.5; 9.4 
Calculated %: C 80.0;  H9.4 

‘4 iaies melting point test of (IV F) and (iv D) gave a strong depression. An attempt to isomerize the di- ti 
ketone (IV B) by the action of mytoages err in acetic acid at 20° was not successful; the diketone was returned oe 


tso merization at the Diketone av. 


| 
{ 
| 
The isomerization was carried but in a similaz way on 70 ng of the substance of m. Pp. 203-205°, The dike- 
tone was found to wag fairly stable, and part of it (30 mg) was recovered after the experiment in an impure form ; 
(m.p. 180-2069. & was found possible to isolate 6 mg of the diketone (IV D), m.p, 115-116°, from the mother liquor. | 
in admixture with the diketore (IV D) obtained above, there was no cat ante in melting point, , 


muoxture of 2 g of the diketone A), m. P. -167°, 25 pa of acetic ‘acid, 25 mi 
chloric acid, 29 ml of toluene. and 10 gof a.:elga ated zinc was boiled for 3 hours, 20 minutes under reflux, More 
zine was then added (3.5 gj, and the mixture was boiled for a further three hours, The reaction mixture was cooled, 
the toluene layer was separated, ard the water layer was extracted three times with ether, The ether and toluene 
layers were united, neutralized by agitation with a 5% solution of caustic soda, and filtered. The solvent was driven 
off, and the residue was diluted with 7-8 ml of ether and set aside in the cold to crystallize, when 1,0 g (52%) of the 


Found-%: 83, 15; 110.8; 10.6 
Calculated %: 83 235 


Clémmensen. Reduction of the Diketone SEC 


A mixure of 75 mg of the diketone av €), m.p. 203-205° 5 ml of aestie acid, 10 ml a unicisinieads bei €: 
chloric acu, ‘5. ml of wetuonn, and 1,5 of amalgamated zinc was boiled for 3 hows, 30 minutes under reflux, | 


The taligene layer + was ‘separated, and the aqueous layer. was extracted twice with benzene, The combined exe. 2 
tracts were neutralized, and solvem was driven off under reduced pressure, The residue rapidly crystallized out, 


The reduction was performed as in the preceding experiments, 400 mg the dtketone a mop. 
5°, mg the ketone m.p. "120-122° (tom was obtained, 
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A mixture point with the ketone obtained by hydrogenation of the (XY) and m.9. 


122° was not dpressed, The mother liquor remaining after the separation of the ketone ati big impeie out al- — 
most complete, It was used without purification me the oxidation 


Kizhner Reduction of the Ketone (Vv) 


To a solution of 1.7 g of the ketone (V), 100-102", in 5 ml of 12 of hydrate : 

ml of diethylene glycol were added, and the mixture was heated for a few micutes ‘na water bath, kwasthen 

_ transferred to a Favorsky flask having ground joints, a solution of 1,4 g of sodium ia % ml of diethylene glycol was — {4 

_ added, and the almost homogeneous mixture was heated at 205-210° in a feeble cur-ent of nitrogen for 15 hows, © - ; ; 
Several milliliters of distillate came over, The reaction mixture was diluted with SC m! of water and extracted © | 

twice with 50 ml portions of ether, The ether extract was shaken with 10% hydrochlozic acid and dried with mag- * | 

nesium sulfate, The ether was di:ven off, and the residue was vacuum distilled, yielding 1.3 g (81%) of the hydro- 

wae as a Colorless liquid, not vée.y viscous and aimos: odo: fess, b,p. 133-135 at 1 min, 1.5200, 

Found %: C 87.9; 83,15: H 11.9; 


A. mixture of 1.1 g of the hydrocarbon (VD. 0.5¢ of palladized charcoal aoe Pd), and 18 ml 
was heated in a nitrogen atmosphere in a rotating autoclave at 350° for six hours, the initia! presswe being 30 atm. 
- The reaction mixtwe was filrezed, benzene was removed under reduced pressure, and the noncrystallizing residue 
wis dissolved in 10 ml of petroleum ether znd submitted to chromatography on 10 's of pacaeceuneg! oxide, when the 
satis fractions were obtained: 


FractionsI-DI- Each 4 ml of petroleum Sites 


Fracuons IV— Vi Ditto Crystals irapregnates in ou, m.p. 80-85" 
Fractiors VII—VILi- Ditto 42 mg Crystals, m.p. about 100° 
Fractions IX XI Each 4 ml mbcwe of 97mg Crystals impregraied in oil 
Fractions X11—-XDI Each 4miofamixweof | 
Fractions XV-XVI- Each 4 ml of a mixture of 
petroleum ether and benzene 
Fractions XVII-XVIil Each 4 ml of benzene -6mg. Ditto 


111-113,5°. A second fom 0. ml of athes 10 mg of Diels om. 


_k The mother liquors from the crystallizations were combined with Fractions V-VvL and the mixture was 
~ crystallized from 0,7 ml of petroleum ether, A futher 41 mg of the Diels hydroc arboa (VID, m.p. 118-119*, was - avs 
obtained. Recrystallization of this from petroleum ether yielded 20 mg of pure hydrocarbon (VID, m.p, 120,5-121°, 


id ‘ ‘ 
: 
= 
: 
_ 
A 


7 methanol and of 4g of caustic potash in 8 mi of water ard 15 ml of imezhanol were added simultaneously in such a 


" get ‘aside for two hous, ‘The greater part of the methanol was distilled off undet reduced pressure, and 10 ml of water 


of the Acid (1X) 


ures, and then cocled. Water (1 ml) was added, and the mimure was Feared until the turbidity present disappeared. 
was then set ascde to ci ystallize, and or: the nexi day 10 mg of 2-erhyl-1-methy1-9, 10-phena mhrenequinone (Xi) 


; of ite Ketone (XIII) ard Dehydrogenat ion of the Acid 


anc Chioroplatinic Acid 


of the Ketone to Dica: Acid ax) 


ether, The ether ecracts were caretully washed with a 10% thiosulfate solvtion until decolorized, ard were then 
_ filtered. The ethe: vas :emoved, and 5 ml of methanol ard 4 ml of 3% caustic woda were added two the residue. The 
‘ brown solut:o7 was heated under reflux for four hows in a wazer bath, The methanol was removed, and the residue was 


rotating autoclave in an atmosphere of nitrogen (uudal pressure 20 az 350° ior 11 hours, The reaction mimure 

was fritered, the benzene was distilled off, and the residue was dissolved in 1 ml of petroleum ether. The soiution, — 
 oncooling, gave a crysallne pzecipitate, which was filuered off unde: suction and washed with petroleum ether. 
On account of its hgh solubility, only 10 mg of 2-ethyl-1-methyiphenaruhrene, (X), m.p. 95-96", could be — 


The miot her Liquor, ¢ being cooled 10~ 10% yielded a 38 mg of | m.P. 85-8". 


_ sng 42 mg of 2-ethyl-1-methylphenaathrene (X), m.p. 85-86°, Without further purification, this was oxidized with 
agen: arhyd::de in acetic acid. yielding 7 mg of the qu:nore (Xi), m.p. 155-156°, The quinoxaline prepared from. 


_ acetic acid. it was not affected. When the diketones IV BR tv C_and IV D were hydrogenated in acetic acid 
.€30-100 mg of diketone, 10-20 mg of tO, 3-5 ml of acetic acid; 3 hours), a nonérystallizing mixture was ‘ob- - 


. when a few drops of a concentrated H,MCl, solution had been added. In the course of ten minutes, 150 ml of 
(24°, 760 mm) was absarbed, ang absorption then The solution was filtered, with 


To a auzed solution of 0.3 g of the ketone (V¥ in 42 ml of methanol, solutions of 2,1 g of ‘eee in 25 ml of 
way that todine was always present in excess, The addition was complete in 20 minutes, and the mixtwe was then © 


wasadded The solution was ac id:f:ed to Congo zed, and che prec:p:tated yellow mass was extracted three times with 


diluced with wate: (5 evt:arzed twice with ethe: to zemove neucal products, and acidified with 2% hydzoc hlaric 
acid (16 mi). cooled A‘ter one the yellow prec:pitate tormed ‘sas filtered off under suction and washed 
with ice water. from & ml acetic acid 6. 33) of the acid in form of white 


‘A muture of 0.33 g of the acid (1x), 8 a of and 0. 6 of palladized was heated ina 


A soluzioz of 22 mg of 2-erhyl-1 snethylphenarzhzene (X}) of m.p. 85-88" in 1 ml of acetic acid wes mixed’ 
with a sciution of 50 mg of chrmmic anhydride in 1 mi of acez:c ac:d. The mixture was heated at 100° for ten mia- 


ca:ne down. Crystal ‘zation from 0.5 ml cf methanoi yielded 4 mg of pur2 quinone (X1), m.p. The quin- 
Ova! tune 1X0). which was prepaied by heating the quinone (Xi) with o-phenylenediamine in methanol in she presence 
of a op of acetic acid, is a yellow crystalline sudtarce, m.p, i08-109° (f:om methanol}. 


‘The ketone (Xi) (1.2 g) was oxidized with iod:ne in alkaline solution, as desciibed above, A dicarboxylic 
acid (#50 mg) was obta:ned, and this was dehydrogenated unde: the corditions described above for 12 hours. yield- 


this quinone melted at 165-107%;. the mi “ture po:nt with the from the preceding 
of the Diketones A), B), (IV and GV D), in 


Platinum Catalyst 


- The diketones A IVB,IVC, and VD did not in alcoholic solution in preserce 
ofan Adams platinum catalyst. When the diketone IV A was submitted 10 the hydrogenation treatment in 


tained in each case. _ Attempts to-separate these mixtures chromatographic ally were not successful. 
Hydrogenation ‘of the Diketone Iv A in Presence of Palladium on Bartum Carbonate i, 


_ solution of 1.0 g of the diketone WV Aofm: Pp. 167° in ml of acetic ecid was in an atmo- 
‘Sphere of hydrogen in presence of 05 g of Pr/ BaSO, for ore hour. No hydrogenation occurred; it began oaly 
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three times its volume of water, and extracted with benzene, The benzene extracts were washed with s 2 
solution of caustic soda until neutral. and the benzene was removed under rcduced pressure, Asmall amount. 
of petroleum ether was added to the residual wisco.s tiquid, and it then partially crystallized nit, yielding 110° 
mg of wh:te crystals, m.p, 147-149" According to aralysis, this was a mixture (or compound) of _ 
the hetone XVI and its acetic ester, 


‘These crystals were dissolved in 2 mi of alcozol. and 0.2 ml of 10% NaOH was added. The miustere was 
_ heated for five minutes in a watér bath and thec diluted with an equal amount of water. Crystals of che hydroxy ~ 
ketore XVi quchly made the:: appeazance: they f:lte:ed off under suction, washed with water, vacuum- 


solution of 35 mg of the hydroxy hetore x? in 4 ml of acetic was with a of 
9 mg of chromic anhyd:ide 1r. 0.8 ml of acetic acd. and the mimwe was set as:de for two days. The solution — 
"was dilued wth thee t:mes ‘1s volume of water ard extiacted with ether. The ether extracts were, shaken with © 
> caustic soda solution unt‘] ne utzai, ard the ether was distilled off. In a short time the zesidue partially crystal- 
lized yrelding 8 mg of c.ystais of the dibetore 4 D, m.p. 111-113", by admixture of some of. 
the dzket one TY D obtained as desczibed above. 


Condersat: on of 3,4, 4a, 5,6,8a- Hexsk -methy}- -8- 
(fi) with 2,4- -2-cyclopentes-I-one (ill) 


A miaue of 12.6 g of tae d-enone and g ef the dimethylcyclopentenone Ili wes inan- 

atmosphere of nitrogen :n sealed tubes at 170° for 19 fours 30 minutes. Excess of the ketone I wasthense- .- 

“moved unde: reduced presure in a wate- bath crystallization set in (44 g was distilled over). Petroleum - 

“ether ml) and berzene (1 added to tre c-ystallizing res:due, and after two hows the precipitated 

Crystak eee filtered off aide: ard wastéd a cold mixure of petioleum ether and benzene (10: 1). 

Thexroduct was 4.1 g of pure disetone A the foim of white needles, m.p. 187-189 The liquor 
afte: s¢pa.ation of these c-:tals was evapo:ated down, and 13g of dimethylcyciopentenone driven 

off wide: educed a water bath; the was poured inte a mixture of 10 ml of petroleum ether 

acd 2 ml of benzene. A second crop of crystals was obiaiued, and after one hour these were filtered off under 
suction ard wasted wiit a of pezmoleam etier and benzene (10 : 1), yielding 4.6 of a crystatlise 

po~de:, m.p. 144-159", Te .ecocd moiner Lq.or evaporated down, dilured with 16m! of um 

extne:, and set aside fo: sre day. A thd crop of crystals (6.4 g) was obtained; m.p. 155-190°. The third mother 
l:quor was evaporated down, and unchanged dienone 2 was distilled off at a res:dual pressure of 0.5 mm, the 

bath temperature be:rg ut above 136~(1.6 g of d:enone was obtained). The residue was dissolved ina mix- © 

t ze of 5 ml of per:oleum ether and 1.5 m! of berzere, and was set aside at 0-3°. C-;-2ls were very slowly 

pec ipitaced, ard after tea days ths fouth batch of crynals was filtered off at the pump and washed with 

petroleum etrer (1.¢ g: m.p, 130-150). in this way altogether 10.1 g of a mixwe of crystalline isomess of - : 

was sdtained, the yield being 53% on the amount of the 

fenane <i tanen fo- :eaction, and 61% on the amount of the dienone that reacted. 


¢-ysallization from a muaue of petroleum ether and benzene in conjunction 

sxting of ike crysiais, the soc ond batch of crystals yielded the diketone A, m.p. 187-189*% 
d-hetone XYZ 8, m.p: 177-178* ic a similar way. the third batch of crystals gave the isomer 

- ™.p. 199-200", and tne fourth batch of crystals yielded the isomers XVI B, m.p. 177-178", and XVOD, 


Found %: c 48,0; 71.4: 


163-164". Altogethe:, the following amounts were usolated in the ‘406 sof A, of 
The omer XVI A: needles, mop. 187-289. 
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The isomer XVIIC: m.p. “199 “200°, 


Found %s 80.2; 80.2; 19.4, 9.4 


The isomer XVID: cubes, m. p. "163-164", 


: ‘Found €80,0; 80,2; H 9.45; 9.4 
Calculated %: C 80.0; H 9.4 


i mixture of xvi A and xvo a melted at 160-170", and a mimture of XVL A and xvic at 160-165, 


Isomerization of the Diketone xvi A 


A mixture of £00 mg of the diketone xv A of m. 1p. 187-189° 10 ml of iaaiaie acid, 20 ml of concen- 
trated hydrochloric acid, and 10 mil of toluene was boiled under reflux foc four hours, The toluene layez was 
separated, and the water layer was extracted with benzene. The united benzene-toluene extracts were neu-- 

" tralized by agitation with a Fe solution of caustic soda, the solvem was driven off under reduced pressure, and 

; the dry residue was crystallized from aicohol . yielding 400 mg of unchanged dixetone XVII A. By slow crystalli-” 
zation of the mother liquor in conjunction with mechanical selection of the crystals, it was found possible | wo. 
isolate 70 of the isomeric XVII in the form of fine colorless m. 139-141", 


“Cotas Calculated %: C 80,0; H 9.4 


"Heating of the diketone XVILA in xylene at 170° for ten hours dis not cause itt to isomerize, Even the 
+ last batches of crystals from the mother liquor melted at 188- 190°, and showed ‘Do depression in admixture with 


the original diketone XVII A. 


Isomerization of the Ciketone XVII B 


The diketone XVII B of m.p. 177-178° (190 mg} was given the same isoraerization treatment, but the 
bdoiting lasted ten kours. About 100 mg of the original diketone was recovered unchanged. By slow crystalliza- 
tioa of the mother liquar and mechanical selection of crystals, about 20 mg of the isomeric diketone XVII F 


was isolated as needles, m.p. 111-112° 


Found C 80.0 HOS 
Calculated : C 80.0; H 9.4 


Clemmeasen Reductien of the Diketone XVII 


mixtre of 1.0 g of the diketone XVII A, m.p. 187-189°, 25 mi of acetic 37 ml of 
hydrochloric acid, 15 ml of toluene, and 10 g of amalgamated zinc filings was boiled under reflux for five 

"hours. The reaction mixture was diluted with 30 ml of water, the toluene layer was separated, and the water 

layer. was extracted twice with benzene. The wnited extracts were neutralized by agitation with 10% caustic 

" - soda, and the solvent was removed under reduced pressure. The residue was dissolved in 3 ml of ether and sez ‘ 

aside in the cold to crystallize; the solution yielded 0.12 g (14%) of crystals of the ketone V, m.p. 99-100% 

Crystallization from alcohol raised the melting point to 101-102*, In admixture with the ketone V obtained 

ts dinitrophenylhydrazoue melted 

at 229-231° and showed no melting point gis’ in admixture with the a toa of the ketone 


by reduction of the diketone IV A it showed no depression in melting point. 


4 V obtained previously. 


Clemmensen of che ‘Diketone c 


"Reduction of 80 mg of the diketone XVII C of m. p. 199-200% casried Out as above, viedo 10 mg sa the 


- ketone v. m.p. 103-164° (no depression with previously prepared ketone bo 


Cle Reduction of the Diketone XVII. 


reduction was performed similarly to that of the diketone’ A. as g of the diketone 

m.p. 177-178% 80 mg of the ketone XIII, m. p. 109-112° was obtained. Crystallization froma mixureof is gia 

alcohol and petoleum ether gave crystals of m.p. 119-121° A mixture melting point with the ketone XIII - 

obtained previously from the diketone IV B was not . The formed orange 
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Clemmensen Reduction of the Diketone XVII D 


Cle:nmensen reduction of the diketone XVII D of m.p. 163-164° (65 my) was catricd out as in in pres 
ceding examples. The reaction product did not crystallize even at -70°, and it was therefore dissolved in 
petroleum ether and chromatographed on aluminum oxide (1g, length of column 6 cm), Only 5 mg of crystals, 
m.p. 78-€0° (from a mixture of petroleum ether and benzene) could be obtained as a result of successive elution - 
With petroleum ether, a mixtwe of petroleum ether and benzene, and —, The be tae 
formed fine yellow needles, m.p. 198-201° (decomposition). 


Hydrogenation of the Diketones XVII A, xvii ¢ ‘in of bs 


. Adams Platinum Catalyst 


The diketones XVII A, XVII B, xvuc did not in alcoholic olution in pre. 
sence of an Adams platinum catalyst. When attempts were made to hydrogenate these diketones in acetic 
acid (60-100 mg of diketone, 15-20 mg of MC, and 5 ml of acetic acid; 8 


SUMMARY 


Total of diketones of the cis<is series have teen by condemarion 
3,4, 42,7, 8.8a -5-vinyl-2(1H)-naphthalenone (1) ard of 3,4,4a,5,6,8a hexahydro-8a -methyl- 
S~vinyl-2(1H) naphthalenone “WD with 2,4 dimethyl-2cyclopenten-l-gne (III). In both cases a total yield of 
about 60% was obtained of a mixture of three or four isomesic steroid diketones having the Seve B rings and 
the C and D rings united in the cis-configuration. 


2. x has been shown that, irrespective of the presence cok sauces of shakueias is the A ring, 
all steroid diketones sy athesized by the diene-condensation method have the so-called “inverted” structure, 
ie. the D ring has an angular methyl group in the 14-position and a carbonyl group in the 15-position. For some 
compounds the difference between the isomers lies in the difference in relative spatial positions of the A aad B 
rings 2nd of the C and D rings; and for other compounds it lies in the difference in the es dispositioa of 
the hydiogen at C-8. : 


- 3. tt has been shown that the 9(11) double bond in tetracyclic steroid diketones chliapaeee comparatively 


to the &{9)-posis ion under the action of hydrochloric acid. 


4 %& bas been found that the keto group in the D ring is extremely stable under the ne nat Clem- - 


mensen seduction, 2, 15 - and 3, 15-diketones being convened into 15-monoketones. 
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‘SYNTHESIS OF. ‘STEROID compounps ‘AND RELATED suastA 


COMMUNICATION CONDESSATION OF 

24, 42.5.6, PATHALENONE 
"WITH AWD WITH CiTRACONIC ANHYDRIDE 


” In the present investigation we have studied the condensation of the dienone I with 2-methyl-2cyclohexen- 
_ Leone (D1), with 2cyclohexen-l-one (IV), with citraconic anhydride (V), and with p-benzoquinone, and alsothe .- 
condensation of the dienone I with 2-methyl-2-cyclohexen-l-one (LM), when the dienone Iwas heated withten 
times its amount of 2-methyl-2-cyclohexen-l-one (III) at 170° far ter hors, a yield was obtained of a mix-.. 
_ ture of terracyclic diketones of the cis-cis series, from which four isomess, VI A, VI 8, VIC, and VID, of 10, 14- 
dimethylcardoc hrysanene & 15-diones were isolated in the proportions 493 10: 2531, approximately, In ome 


_ © Nazarov's nomenclature for symhetic meroids, see Bull, Acad, Sci, USSR, Div, Chem, No, 4. 78 


and 3,4,4a,5,6,8a -hexahyd1o-2a -methyl-8-vinyl-2(1H)-naphinalenone 
“(D) with 2,4-<dimethyl-2-cyclopenten-l-one. By this means we crainet a number of steroid diketones of the 
cis-cis series and A ac structure: 


| 
‘ 
° 5 . ing, 
: = 2 : 


‘ly less. 


experiments the agin of the isomer V1 D was considerably more, and “7” of the {somer VI A was 1s corresponding 


The difference between the isomers A vi in a difference in of th the 
atom: at CS, for, on —e heated with hydrochloric acid, both isomers give the same lsomer (vi D) with displace- 


au ‘Tree Giat VIA A, VIC, and VI D, give the saine monoketone wn) when subjected to Clemmensen | 


E seduction. Since it has been shown previously [1] that it is the keto group in the A ring that {s removed in this 
seaction, the monoxetone obtained must have the structure 10, (Vil). Toduce 
- tion of the isomer VIB yields the monoketone VIII, which is distinct from the monoketone VIL If it is assumed, 


2 analogy with the already studied reactions of the dienone I with 2-4-<dimethyl-2-cyclopenten-l-one {1} chat all 
of ste isomers are of invened structure, then the difference between the isomers VI B and vl A can only be ex: 


a difference in the of the substituents at 


“The fact that the omer vi Dis prescik wsetion mixture. shows that in the course of the diene 
theses the double bond is displaced from its original 9{11)-position to the 8(9)-position. 


Such instances of the displacement of a double bond in the course ‘of the dicne sete ate ecangansitvely 


tare In the condensation, however, of a sorbic or muconic ester with maleic anhydride, the double bond moves 


‘ 
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to the position of conjugation with the carboxyl 
f . 
COL Hs 


In the also, of 3-buradiene with maleic a of 
convertible isomers {s obtained, and this is explained by the investigators as a displacement of the double bend [3): 


Ph 


Similar phencmena in sorbic acid condensations have been observed also by Deno [4] and Alder [5S] We con- 
sider chat the isomer VI D, being the most stable one, has an 8(9) double bond, whereas in the isomer VI A, which 
- fs f>:sacd in the greatest amount during the dienc synthesis, the couble bond is in the %11)-pns:tion, 


‘The caibony! group of the monoketone VI is exceptionally inert: it will not “‘uideigo Clemmensen 


is probably to be explained by steric hindrance due to the powerful screening effect of the 14-methy! group, and this 
indirectly confirms the correctness of our assumed “inverted” structure far the ketone Vo amd therefore the structure 
of the diketones VI A, VIC, and VID. ; i 


Condensation of 3,4, 4a, 5.6 (0) with 
hexen-l-one (III) also gave a mixture of ketones, from which it was found possible to isolate three {somers, LX A, 
1X B, and IX C, of 10, 14-dimethyl-9-cardochrysanere -2, 15-dione in the Jwoportions of 15 : 12: 1 approximately. 


C), m.p. 182-183° 


and it does not react with metnylmagnesium iodide or methyllithium, even after prolonged heating. This behavior — 
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Owing to the amount a the dienone (il) amounts obtatued of the 
IX. the were net’ investigated further, i 


The centers: tion of the dienone I with 2cyclohexen-L-one (Iv) w wae by the great tendency of he 
"" Latter to condense with itself, The best results (27% yicld on the amount of dienone that reacted) were obtained by - 
heating the components at 150° for ten hours, when two isomers, X A and X B, of 15- 
4 q dtons were obtained tn the fatio of 6: 1 :. 


& Condensation of the dicnone I with benzoquinone went very readily, even at 60°, sin gave a mixture of pro. 
. - . ducts, from which it was found possible to isolate one isomer of 19-methy!-9, 16<ardochrysadiene-3, 15, 11a 4rione 

(XI). Heating of the dienone with citraconic anhydride (V) at 160° a mixture of from a 
pure of structure XII o XII A was isolated, 


3 


* 


m.p, 150-151° 
(XB) 181-123° 


(Xi) mop. 175-176 
AM OCsHyisoc)y 


' . We have aiso reduced the dienone I with aluminum isopropoxide to the dienol xi (a mixtwe, of course, 
of stereoisomers). This dienol (XIID was condensed with 2,4dimeth;1-2-cyclopenten-l-one and with p-benzoqui- ; 
“none. In the first case no ctystalline product could be isolated, and in the second case meh nt: ee: 


3, 4, 4a, 4. ta (D (b. p. 196-163° at 1 mm: a5 1.5260) 
3,4, 4a,5,6, Ga hexahydro-€a (1D (b.p. 106-167°. 1:5 min; 1.5270) were pre- 
wieusly desebed by us [7], 2-Methyl-2-cyclohexen-l-one (TD) (b.p. 56° at 9mm; 2.4865) and 2-cyclohexen- - 
~ one (IV) (d.p. 63° at 20 mm; 5 1 a0%R) were prepared by the method devcloped in our laboratory ue. a 
“anhydride: (V) (b.p. £0° at 7 mms a5 1.4720) was prepared. by Shrinex*s method [8] 


Condensation of 3,4, 4a, 7,8,8a-Hexah dro -4a-meth -S-viny1-2(1H)-naphthatenone 


: A mbcture of 12 g of the dienone I, 120g of een and 0,1 g of pytogallo! was heated 
in glass tubes in a carbon dioxide atmosphere for ten hours at 170-175°, Unchanged methylcyclohcxenone (114g) 
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and dienone (4.5 g) were distilled off under reduced pressure, and the residuc was dissolved with heat in 15 ml of 
petroleum ether, Crystallization rapidly set in, yielding 4,5 g of a crystalline mixture, 124-150°% After thee 
days a further 1,05 g of mixtwe had separated from the mother liquor, The unchanged dicnone was agaia treated 
with methylcyclohexenone under the same conditions, and 0, 8 g of the crystalline mixture and 2,75 g of the Gremaee 
I were isolated, 


Distillation of the from the two experiments at 0, 5 mm yielded 5. 9 a viscous 
160-170", and this partially crystallized out wheu diluted with petroleum ether, yielding 1.4 g of crys-als, The total 
amount of crystals obtained was 7,95 g, f.e., 42% on the total arnount of dienone I taker, and S¥onthe amount = 
that reacted, The isomers were separated by fractional crystallization from a mixture of petroleum ether and ben- | > 


‘Gomer VIA, m.p. 157-158 12¢.- 
Found %e: C 86.0; 80.05; H 9,4; 9,35. 


A miaure with VIA melted at 130-140°, and with vi 2 at 130-140", 
Calculated %: C 89.0; eae 
Mixures with and with VIB melted at 125-120°, 


Attempt ¢ to Effect the Thermal I: of: the VIA 


Sampies of the dixetones were hested im capillaries at 200° for one hour, The substances were greatly resini- 
_ fied. and on cooling only the some: VID panially a. The crysials melted at 246-147% Le, the ioma 
Vi D bad roi uidergone thermal isomerization, 


A muarce of 110 mg “of the diketone Vt A, mp. 157-158° 3 ml of acetic acid, 3 mi of « concent: rated hydro- 
-chloric a=id, and 5 ml of wluene was heated under reflux for nine hours. The toluene layer was separated, neutra- 
_ lized by agitation with 4% caustic soda, and filtered. The solvents were distilled off under reduced pressure, and the 
.. fesidue was crystallized fiom a mixture of benzene ard petroleum ether (1: 4), yielding 86 mg of the dike-one VI D, 
m.p. 146-147*, A mixtwe melting point with the diketone VI D isolated after the condensation reaction was notde- . 


‘The Ssomerization of the diketone VIC was performed simtiarly: from 35 mg of VIC, m.p. 166-162% 5 mg - 
ofthe diketone VI D, m.p, 145-146°, was obtained. In stuiews with ——- of the diketone VID obtained above, 
there was no depression of melting point, 
The isomerization was performed in a similar manner: from 65 mg of the pvcktienre vt B MD 159-160° 10 . 
mg of the diketone V1 E, m.p. 128-129° (from alcohol), was obtained, 
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‘Clemmensen Reduction of the Diketone vi x 


Clemmensen "Reduction of the Diketone VI B 


Condensation of 3,4, 4a, 5, 6. 8a-Hexahydro-8a-methyl- g-vinyl-2(1H)-na phthelenone 


_attenpet te effeet the of the Diketone 


The isomerization treatment was carticd out similarly on the diketone VID: from 60 mg of the dtketone 
VID, m.p, 248-149% 45 ing of the oxginal diketone, m.p. artes was obtained bred the usual treatmem. The 
mature melting Foint test showed no depression, 


Clemmensen Reduction of che Diketone vi t 


; A mixtuse of 560 mg of the dixetone VI A, m.p. 157-158", 5 mt at toiuene, 6 ml of acetic pay 6 os of c cone - 


“ eentrated hydrochloric acid, and 2,5 g of amalgamated zinc was boiled under reflux for fou hours, The toluene 


layer was separated, neutralized by agitation with a 10% solution of causzic soda, and fikereé. The solvem was re- 
moved under reduced pressure, and the soiid residue was crystallized fom —— ether, yielding 303 mg coal 
the monoketone VE as colorless plates, m.p. 136-137°, 


Clemmensen Reduction of the Diketone 


The reduction was performed in a similar manner: ‘from 26 mg of the diketone. m.p. 166-167*, 7 mg of the iy 
ketone VIL, m.p. 135-136° was obtained. in admixture with the sample of ketone obtained in the previous _— d 
ment it showed no melting point depression. : ¢ 


- 
oie 


The reduction was performed in a‘imilar manner: from 200 mg of the penne VI D, m.p. 148-149°, 106 
mg of the ketone Vil, m.p. 135-135°, was obtained. In admixture with samples of ketones from the preceding ex- 
periments there was no depxession melting point. 


The reduction was performed ina similar manner: from 250 mg of the diketone VI B, ™.p. 159-160", aftez 


_ the weal treatmers and ore crysza!lizazion, 130 mg of 3 substance of m.p, 76-26° was obtained. Recrystallization © 


gave 75 mg of the ketone YIiL, m.p. 75-86% . Furthe: crystaltizaticns did not raise the — point and did not 
make the meling ange any narrower. 


Found 84.8; H 10.7 
- Caiculated % C 83.85; H 10.6 


‘The high carbon comers indicates thet the was contaminated bys hydrocarbon which could not be 
separated by crystallization. 


Action of Methyimegnesicm Scomide and on Ketone 


: A solution cf 236 ms of the ketone VIL m.p, 136-137% in a mixture of 6 ml of ether and 1 ml of benzene 
was added to a Grignard reagent prepared from 0.2 g of magnesium, 1.2 g of methy] iodide, and 10 ml of ether. 


. _ The reaction mixwe was boiled for 15 minutes, cooled, and decomposed with ice. The ether layer was separated, 


‘the ether was removed, and the residue was crystallized from ether, yielding 150 mg of unchanged ketone VIL m.p. — 
13-137", A mixture melting point with the original ketone was not depressed. Whea the reaction was carried om 
at 100° in toluene, 30 mg of the ketone VII was rezovered from 170 mg taken, and the residue was a noncrystal- . 
lizing mass, Similar results were obtained when methylithium was used. : 


with 2-Methyl-2-cyciohexen-l-one (III) 
A mbase of 2.0 g of the dienonc I and 5g of was heated ina carbon diox- 


. ide atmosphere in a sealed glass tube for 13 hows at 170-175*, Methylcyclohexenone (4.1 g) was distilled off, and 
the residue was diluied with twice its volume of methanol and set aside to crysallize, After one week the crystals 
that had formed (0:3:g; m.p, 135-155°) weze separated miechan:catiy into a low-melting (141-143°) fraction and s 
fies “high-melting (178-179°) fraction, After standing for two days the mother liquor yielded a second crop of oem 
(6.2 g), m.p. 194-199", Three isomers were isolated by from 


A, prisms of m. P. 143-144° (corr.), ‘130 mg. 


Found: 
Calculated: C800; HOG 
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Reduction of 3, 4,44a,7,8, ish; S-vin 1-2(1#)-naphthatenone to 
| 12 (XIII) 


lromet 1X B, fine plates of m.p, 203-205° (cort.), 100 mg. 


Found %: C 79,9; 79.7; H 9.4; 3.65 
Calculated: 80.0; H9.4 


Lomer IX C, needles m.p, 162-183%, 8 mg. 


Bound C 72,65 19.75 9.4; 9,3 
Calculated C 80.0; H9,4 


Condensation of 3, 4, 42,7,8, Ba -Hexahydro-se-methy! -S-vinyl-2(1#) Ww: 
with 2- -Cyclohexen-1-one (IV) 


A miawe of 5.5 g of the dienone I, 40g of 2-cyclohexen-l-one (IV), and 40 mg of pyroga!lol was heated in 


an atmosphere of carbon dioxide in a sealed glass tube at 150° for ten hours. Unchanged cyciohexenone (35,5 g) 


and dienone (1.6 g) were distilled off, and the residue was mi».ed with 8 ml of petroleum ethes and set aside for 
one day wo crystallize, A crystalline mixture of m.p, 131-145* was obtained, . The yield was L.05 g, Le., 1?eon 
the total amount of dienone taken, or 27% on the amount that reacted. Two isomers, X A and X B, were isolated 


- by means cf crystallization from a mixture of petroleum ether and benzene (5 : 1). 


Isomer x A, ofr m.p. 150-151°%, 0.3 g. 


Found %: C 19.6; 19,7; 9.1: 9.2 
Calculated": C 79.7; H 9,1 


tomer x B, needles of m.p. 181-183°, 50 mg. 


Found $: C 19,4; 19.4; 19.3; 9.3 
Calculated %: C 179, % H 9.1 


Condensation of 3,4,4a,7,8, 8a-Hexahydro-4a- methyl- -5- -vinyl-2(1H)-naphchalenone (I) 
with. p-Berzoquinone 


A solution of 1 g of the dienone I and 9.55 g of benzoquinene, ™.p. 115¢ in 10 ml of absolure dioxane was 


_ heated in a cacbon dioxide atmosphere in a glass tube at 60° for 4 hours 30 minutes. The dioxane was removed, and 


the residue was diluted with 6 ml of petroleum ether and 1 ml of benzene. The soiution yielded 5.85 g (25%) of a 
mixture of crystals, and recrystallization from a miature of petroleum ether and benzenc yielded 9.12 g of pwe 
tathotene in the form of large yellowish scales, m.P. 185-186°. 


_ Found %: C 76. 2; 16.5; H 2.5; 1.6 
Calculazed %; C 16,5; H 7.4 


Condensation of 3.4, 4a,7 Ba- -Hexahydro-4a- methyl- -2(1H)-naphthelenone (1) 


with Citzaconic Anhydride (V) 


A solirion of 1.9 g of the dienone [and 1.1 g of citraconic anhydride (V) in 5 ml of benzene was heated in 
a carbon dioxide atmosphere in presence of waces of Methylene Biue in a glass tube at 100° for six hours. Benzene 
was removed under reduced pressure, and the viscous mass that remained partially crystallized when ether was added 
thus yielding 0.91 g of a crystalline iaixtwe, The mixture was boiled with 20 ml of petroleum ether, and the undis-_ 


: solved: crystals were separated and washed with petroleum ether, The product was 140 mt of the een anhydride 


Calculated %: C 71,5; H 1.3 


Crystals of m.p. 150-160° separated from the mother these consisted of a mixture of tomers, and it 


was not found possible to separate them, 


A mbawe of 5.2 g of the dienone I and 50 ml of a molar solution of distilled aluminum scianiinie) in iso. 


ia propyl alcohol was distilled from a flask fitted with an efficient column so that distillation was at 6-8 drops per 
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stinute. After: thee hours’ boiling, distiliate no longet gave a tcst fo: ac ctore (with 
was continued for a furtiier 39 minutes, and the bulk of the ‘sopropyl alcoho: was ther. distulled off under 
seduced pressure, The viscous mass that remained was decomposed by addition, under cooling, of 90 ml of 6% hydro- 
etlone acid, and it was then eatracted three times with ether, The ether extract, oa standing, yielded 0,3 g of 
$s, m.p. 133-290°, Crystallization from benzene gave a substance of m.p, 206-209°, corresponding to the 
Found %: C 73,9; H 11,1 
Calculated %: 74, 3; H 10.5 


When the ether was removed, a viscous mass ‘and this, afzes dilutinn with 4 of petroleum 
ax cooling, yielded 0.5 g of crystab, m.p. 155-157°, Crystallization from a mixture of — ether and ben- 
zene (i: 4) gave a substance of m.p. 150-161°, aiso of formula Cyt, 


Found %: C 74,3; H 10.4 
Calculated C 14.3; H 10,5 


The structures of these two crystalline compoun ds have not been easblished. 


The filtrate obtained after se paration of the crystals was vacuum distilled, and 3 g (50%) 1, 2,3,4,- 
42, 7,5, 8a-octahydro4a ‘methyl -S-vinyl-2-raphthol (XID) as a viscous liqud, b.p. 126-121,5°ar L5 mm, 1.5293, 


tees Fourd %: C 86. 4; 80.5; H 10.6; 10.55 
Cutty Calculated C 81.2; #H10.5 


with p-Benzcquinone . 


_A solution of 0.8 g of the dieno! XI and 0.45 g of benzoquinone in 8 ml of dioxane was heated in a carbon 
C:oxide atmosphere in a glass tube for five hours at 66°, The dioxane was rermoved under reduced pressure, and the ' 
residue was diluted with petroleum ethez, wher it partially crystallized, yielding 0.40 g (32%) of crystals of m.p. 
228-13)*, Two czystaiizations from bezzere gave the pure dihetone (XIV), m.p. 130-131°% 


Fowd &: C 76.9; 76.0; H 8.0; 8.1 
 Caleulared C%.6: H805 


Condensation of the dienol XIT with 2,4-dimethyi-2-cyclopenten-l-one at 170° and at 145° gave noncrystal-— 
‘ inzing mixtures of products, it was not found possible to resoive them by chromatography. 


SIMMARY 


The cotai syntheses of some dikerones of the cis-cis series having a 15-keto group have been 
eXected by coadensation of 3, 4, 4a, 7,8, ne xa 2ydro a -meihyl-5-viayl-2(1H) -na phthalenone (1) with 2-methyl-2- 
yclonexen-lone (IZ). Four isomeric teuacyclic ketones have been isolated, and of these two, VIA and VIC; dif- 
fe caly in the spatial disposition of the hydrogen at Cg, the third, VID, differs in the position of the double bond 
(3- instead of 9-), and the fowth hed the other in the spatial arrangemen: of the at 


2, i has been sho wr. that in the couse of the diene condensation the double bond may be ietecn from the 
&22)- to the &$)-position, : 


3. When the seroid are to reduction, the gioup in the A 
removed, and the diketone is converted imo a 15-monoketone. 


Condensation of 3 4,48, 5 .6,8a ap with 2-methyl-2- 
Cyciohexen- lone (ID) yielded three isomeric stezoid diketones, 1X A, LX 8, and IX C, Cordezsations of 
7,8, €a-hexah (i) with 2ocyclohexen-l-one, pbenzequinone, and citra- 
mae : conic anhydride have also been carried ou, and the compounds X, XL and xa have been obtained, 


Reduction of 34, 4a,7,8, Ga -hexa 1 H)-na phthalenone with aluminum sopro- 
poxide yielded 1,2, 44,42, 1, 8, which, on condemed with» 
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SYNTHESIS OF. STEROID comrounps AND RELATED SUSSTA NCES. 
AND 3, 4,42,5,6, PiTHALESONE 
WITH 2-CYCLOPENTENA-ONE, 


3, S-DDMETHY L-3-CYCLOPENTES “E-1, 


Nazazov, G. P. Verkholetova, I. 


I. I. Zarerskaya, and S. N. Ananckenko 


_ In the preceding communicatiozs 2} we have described the condensation of 3,4,4a, 7,8,8a heryzhydio4a- 
methyl-5 vinyl-2(1H) naptthalenore (1) and 3,4,4a,5,6,8a-hexahydro-8a -methyl -8~ (1) 
with various a. -unsatirated cyclic ketones. As a result we have obtained a cu-mber of tetracyclic ciketones of i 
the cis-cis series, which have the fundameazal skeleton of natural steroids, but have in most cases the socalled a 


Particular interest is presemed by the synthesis of steroid diketones having a cyclopemane D ring (and no 
methyl group in the 17 position), since they are closes in composition ad structure to natural hormones. In the 
present investigation, therefore, we have studied the condensation of dienones [ and with 2-methyl-2cycl- 

penten-l-one (If), and have established the sructures of the isomeric steroid Giketones so obtained. h was 
ae -that in both cases the main products were again of the “inverted” structure. 


~~ The condensation of the dienones I and II with 2-methyl-2-cyclopenten-l-one did not 20 28 well (20-95% yield 
as the previcusly descri.ed condensation of these dicnones with 2 yield). 
The yield was reduced as a result of the high tendency of 2-..1cthyl-2-cyclopesten-2-oce to undergo self- 2 
condensation. Thus, when it is heated at 170° for three hours, it is completely converted imo a viscous mixtue 
of polymeric products, whereas 2, 4-dimethy!-2-cyclopenten-l-one is practically unaffected under these conditions, 
- The best results were obtained by heating the dienone J with double its quantity of 2anethyl2cyclopenten-lone 
(HD) at 150° for six hours. A 30% yield was then obtained of a mixture of tetracyclic diketones, from which three — 


4 
4 
4 
4 
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‘tsomerts, A, IV B, and IVC, of 10-14-dimethyl-9-cardosterene-3, 35dionc* were isolated, the last in an impure 
state, The first two isomers, as will be shown below, were of the “inverted® structure, Wz therefore have the same 
picture as in the condensation of the dicnone I with 2,4-dimethyl-2-cyclopenten-! one, in which three isomers were 
also obtained, these steroid skeletons with an D 


m.p. 128-129° 


So 


GV D) m.p, 160-101" wig 


The isomers IV A and IV B differ in spatial configuration, since they give different aimee V and VI 
when subjected to Clemmensen reduction. There can be no doubt that the difference hetween these ketones, and . 
also between the original ketones VA and IV B, lies in the spatial amangement of substituents at Ca~ Cw as 
indicated in the formulas given. ; . 


When the diketone IV Aor IV B is boiled with hydrochloric and acetic tt is with displace- 
ment of the double bond inte the diketone IV D or IV E respectively. Such isomerization can be explained oaly 
by the displacement of the double bond from the 9(11) yom to the XS -poskion, as has been shows concen 
on the basis of many examples a 2). 


The establishment of the structure of the and VI presented great difficulties, ‘The of . 

dation with iodine in an alkaline medium with subsequent dehydrogenation of the acid formed into a phenanthrene t es 

‘derivative, which has given a positive result in other cases [1], was unsuitable in this case, since both possible struc- - eo 

tures, “normal” and “invered", would give the same product, 1,2dimethylphenamhrene, B appeared to be pos- 
sible to convert the ketone V ar vi ints the corresponding alcohol by the action of methylmagnesium bromide, and 


Nazatov’s nomenclature for synthetic steroids; see Bull, Acad, ‘Sct. No, 4, 726 
Bureau p 851). 


: (V) m.p. 52-54 H e (V1) m.p. 94-95° 


then to convert the alcohol by end | into a 16, 
pentafa Phenanthrene described tn the literatures 


This method, however, was subject to doubt for two reasons. In the first place, the keto group in the D ring 
is very inert to the Grignard reagent, as we have shown in the preceding communication [2] in the case of a D-homo- 
. Steroid diketone. In the second place, in the dehydration, a retro-pinacolin rearrangement ray very well occur, 
which wou lead to the unknown 16, 17-dihydro-15, A similas is . 
found in the behavior of the methyl ether of estrone (i: 


an 


CHO 
; CH, Ci; 


‘The m also appeared to be for the determination on: structure of the ke- 
tones V and VI: 
coco 


However, preliminary expertinents on 33,4,7, 7a <etrahydro-3, 7a-dimethyl-1 4ndanone, taken as a model example, 
showed that although condensation with oxalic ester procecded readily, the elimination of carbon moncxide did not an 
even-at 200° (the behavior thus contrasting with that of the corresponding cys compounds): 


The ; snethod of durect dehydrogenation of the ketones V and VI in presence of patiad d:zed charcoal was therefore 
adopted. This method has recemly deen successfully applied by Sachmaan fo: structures “Y 


- 


Dehydrogenation of the kevones V and VI gave, though: in very low yield (ies t than 10%}, some 2-ethyl-1- 
methylphenanthiene (VID (in bot& cases), which was characterized both by a mixtcce melting point with an authen- 
tic sample, and also by its conversioz into the corresponding quinone (VII) and qnoxline (DQ: 


_ tively easy dehydrogenation of steroids having one or two aromatic rings, 


The isolation of (VID from the proves beyont 
thar Ge dihetones v ont Vi and also the original WA and iv ate of “iaverted® sructure, 


. ‘The higher yield (about 80%) of the hydsocasbon VII obtained by Bachmann is to be explained by the compara- Pees ae 


"Condensation of the dienone with 2-methyl-2c yc lopenten-1-one (tt), catried out under the same conditions, gave a 
= 38% yield of a mixture of three ssomers, X A, X B, and xX C, of in the propor- 
tions of 25: 7:1 approximately, 


Clemmensen reduction of the diketone X cA gave on ketone VL ard the diketone X B gave the ketone % ey fa 
this way thefr structures were established. Owing to aed smaliness ed the amount of the diketone X c obtained, its stroce, 
ture was not determined, 


When boiled with acetic x A was tsomerized to the diketone x D, with 
- placemert of the double bond from the 911)-to the 8(9)-position. 


We further carried out the condensation of the dienone I with eae il (xD. ‘i as the latter is still 
' more sensitive to heating than 2-methyl-2-cyc lopenten-l-one (IID), it w2s necessary to lower the temperature to 130°, An 
&§ 13%yield was obtained of a crystalline mixture of isomers, from which it was found ene to isolate two isomers, 
“4 A and XII B, of in the state, 


io. 


diketone XC 
m. p. 192-193 


(X A) m.p. 184- Heil 


4 


‘ 
al 


When the dicnone I was condensed with -1,2dione (X at 100% a y'eld of 
14,2 3, 15, 16-irlone (XIV) was obtained. The latcer, even by simple fusion, {s very readily 
10,14, 1 (XV}, the cnol form of the triketone XIV, The 
" sar:e transformation can be effected also by the action of piperidine. 1 the condensation of the dienone { with the di- 
xetone XI! is carried out at 120°, it ts not possible to isolate any triketone XiV: only the hydroxy diketone XV is obtained, 
We have previously observed similar cases of the ld isomerization of cycle 1,2-diores into enolones [5} 


(13 (b.p. 166-107° at 1: 35mm; 1.5270) pre- 
pared >y the method described previously [6]. 2-Methy] -2x yclopenten-l-one (i%i) (b.p. £2-53° at 15 mm; a5 1.4770) 
and 2¢ yciopenten-l-one (XI) (mp. 45° at 15 mm; nb. 1.4700) were prepared by the method developed in our labora- 


tory £7}. 3. dione (Xili (m.p. 66474 was prep. aied by the of 2.4-dimethyl- 
2cyelepenten-l-one with seleniuin. dioxide 


ton of 3 4£a.°%, 6,838 phtha lenone (1) 


A of 6.9 g of the dienone 13.8 of freshly distilled -l-one (ILi) was 
22 a carbon dioxide atmosphere in a sealed glass tube at 150° for six hours. The excess of ketone £11.4 g) was distilled 
off in a water bath, at first at 15 mm, and towards the end at 2mm. The viscous residue (&.2 g) was muxed with 7 m! : 
cf pezzoleum ether and set aside to crystallize. After five hours the first crop of crystals was separated (1.3 g; m.p. 117-_ : is 
225°}. On the next day two further of cryxals were se paiated from the mother (9. 65g, m.p. +03-108% 0.2 


Several such experiments were performed, and from a total amount of 22.4 g of the dienc.ue !, 6.9 gofa nae: 
line mixture of isomers of 10,14-dimethyl-9-cardosterene-3, 15-<dione (I’ A, IV B, and IV C) obtained. Vacuum dis- 
tillation of the mother liquor yielded 7.2 g of the original dienone (1) and 5 g of a nonczystallizing oil, b.p. 160-170° 
ar¢Smm The yield cf the crystalline mixtwe of isomers was therefore 2% on che total amount of the :dienone I 
taken, anc 30% on the amourt that teacted. 


3y fraczional crystallization of the second crops of 2.15 g of the isomer IV A, m.p. 131-133", 
was uolated. The thicd crop yielded 0.35 g of the isomer IV B, m.p. 155-156". After the mother liquors from the {sola- 
tion of the isomer iV A had stood for three months, crystals of the isomer IV C, m.p, 127-128°, were seperased (0.2 g). 


tscmer IV A, irregular prisins, ‘mp. 131-133*, 


Found %: C 19.4; 79.5: 9.3; 9.1 
Calculated &: C-79,75 H 9.1 


“emer ¥ a irregular prisms, m, 

Found 79,8, 19.8, 49,3; 9,25 

Pound C 78.2; 78:2; 19.6; 9.2 


Calculated &: €79.% 
Isom tization of the Diketone IV_A 


A mixture of 225 mg of the diketone IV A, m. Pp. 131-1924 5 ml of acetic acid, $ | eit of ciabietieeiad hydro- 
chloric acid, and € ml of toluene was boiled under reflux for nine hours. The toluene layer was sepaccted, neutralized, 
Y¥ agitation with a 4% solution of caustic soda, and filtered. The solvent war removed under seduced pressure, and the 
sol. residue was crystallized from I ml of alcohol, yielding 195 mg of 10,14-dimethy!-8-ca:dosterene-3, 15-dione av wa 
- from petroleum ether gave a Pure product of m.p. 100-100,5*, 
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isomerization of the Diketone 1v B 


- diketone IV E, m.p, 91-43% was obtained. 


- pression in admis ure with an authentic sample 0} 


~*". filtration and removal of benzene, a yellow oil remained, which did not crystallize even at—70°. It was dis~_ 
_ solved in 10 ml of petroleum ether and on 10g of aluminum oxide, 


The isomerization was performed as above: from 187 ing of the diketone IV B, ™. p. 155-156° “after the usual 
treatment of the reaction mixture and successive crystallizations from petroleum ether and alcohol, 29 mg of the. 


Found %: 79,65; 19,1; 9,3; 


In admixture with the diketone IV D it showed a strong depression in metking point (meied at 1 80-85" 


“Clemmenses Reduction of the Diketone IVA 


A mixtwe of 1 g of the diketone A, m.p. 131- 133°, 17 ml acid, 17 of 


". @hloric acid, 17 ml of toluene, and 6.5 of amalgamated zinc was boiled under reflux for seven hows. The tolu- 


ene layer was separated, neutralized by agitation with a Sh solution of caustic soda, and filtered. The solvent was _ 
removed under reduced pressure, and the noncrystallizing residue was dissolved in 2 ml of petroleum ether and set 
aside to crystallize at ~70°, The precipitated crystals were washed twice by decantation with petroleum ether, and 

were dried in a desiccator. The product was 0.35 g of 10, in the form of 


"Found %: C 84.3; 84.2; 110.5104 
Calculated: C838. 110.3 
The dinitrophenyltydrazone formed orange needles, m.p. 193-194" (con). 


Reduction of the Diketone Iv 


’ The reduction was performed as above: fom 300 mg of the diketone IV B, m.p. 155-156* 80 mg of the <a . 
tone VI, m.p. 88-91° was isolated. satin a from 1 ml be: petroleum ether ” - 70°) ied 55 mg of pure 
ketone vi m 94-95". 


Found : 83.3; 83.9; H 10,15; 
Calculated: C838; 110.3 


The we formed orange needles, 191-193". 
Dehydrogenation of the Ketone V_ 


A mixture of 2.5 ¢ of the ketone V, 3.3 g of palladized charcoal (10% Pd), and 30 ml of dry benzene was 
heated in a nitrogen atmospieze (initial pressure 25 atm) in a rotating autoclave at 350° for six hours. The reac- 
tion mixture was filtered, anc benzene was rgmoved from the tiltraic et a modetately low pressure. ‘4ne residue 


partially crystallized ox az —70° yielding 0.4 g of crystals, m.p. 76-86% Crystallization from petroleum ether 


yielded 0.2 g of 2-ethyl-lL4cezhy!phenanthrenz (VID, m.p. 100-102* In adm:ixture with a ciated prepared sam- 


wit of hrene there was Ro depression of melting point. 


Cite Calculated C 92.7; H 7.3 
The was somewhat comaminated with substances, and this had aa on n the 


subsequent ovidation of the quinone VIIL the yield of which was low (4 mg of the quinone was obtained from 20 Wwe 
mg of the hydrocarbon). The quinoxaline LX, prepared from the quincae, at and showed no de- 


Dehydrogenation of the Ketone. 25 


The dehydrogenation was performed as in the ‘experiment, 1. g of the VI being 


Fraction IV, V, each S ml of peuoieum ether . 92 mg, crystals, impregnated with oll 


- 
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", ‘ead te Jinsiiiune residue was recrystallized from 1.5 ml of alcohol, yielding 50 mg of the originai diketone X A, 
_ ™!.p. 282-183°, Slow evaporation of solvent from the rnother liquor yielded a mixture of the diketones X A and 


o=iained in the form of white m.p. 124-125°. 


-.. 6 ml of toluene, and 4g of amalgamated zinc was boiled under reflux for 3 hows 30 minutes. The tolvene layer 
was separated and neutralized, and the toluene was removed under reduced pressure. The residue was crystallized 


-. ether raised the melking point t4 89-91°, A miaure melting point with the sample of VI described above gave no 
depression. The dinitrophenylhydrazone melted at 192-194°, ont this also gave no fn with the 


Clemmensen Reduction of she Diketone x8 


with 2-Methyvl- ®-cyclopenten- -l-one (itl) . 


_ porated down, and résidual methylcyclopentenone (1 g) was removed at a residual pressure of 1mm. The sesidue_—- ae 


-Micai separation of crystals, the following isomers were obtained: X A, m.p.. 184-185*, 1.45 g, and X B, mp. 154- 
154.8% 9 Az g. Crystallization of the third crop —* the isomer X C, m. Pp. Ie, 60 se 


Further elutions with mixtures of petroleum ether and benzene, and also with ether and with akohol, gave 
Oaly liquid fractions, Crystallization of fracitons IL-V from petroleum ether at — 70° ytelded 23 mg of the hydro- 
v m.p. 06%. In admixture with knows was 80 of 


densation of 3, 4,42, 5, dro -Ba-meth 1-8-vinyl! -2 1M) -naphthatenore 


mixture of 4.9g of the dienone (1 ard 20.9 g of freshly distilled was. 
heated ina scaled glass tube for six hours at 159°. Atzer removal of the excess of ketone (7.0 g} weer a residual © 
pressure of iS mm in a waterbath, the residue began ‘o crystallize ou. Alcohol (3 ml) was acded, ard after two 
hours the precipitated crystals (2.0 g, m.p. 164-179") were filtered off at the purnp, The mother liquor waseva- —— 


was dissolved in a mixture of 4 ml of petroleum ether and 1 ml of benzene and was set aside for one day. A second 
crop of crystals (0.7 g, m.p. 160-170°) came down. The secon mother liquor, after three days’ sanding, yielded 

a thicd crop of.crystals (0.15 g, m.p. 170-180°). The total yield of a crystalline mixture of isomers of 10,14-di- — 
rdosterene-2,15-dione (X A, X B, and XC) was 85 g (38% on the amount of dienone Ii taken). 


By fractional crystallization from alcohol of the furs and second crops of crystals, in conjurction with inne 


omer X A, m.p. 184- “185° (cort,). 
Calculated C 79.7 H91 
Somer RR mp. 186-1808 
Bound C 79.6; H 9,1 
. Calculated C 79.7;H 9.1 
isomer XC; m.p. 192-193° (coir). 
28 ‘Found %: C 79.6; 79.55; H 9.2; 9.1. ~ 
Calculated %: C 19.7; - 
A of the isomers XA and xe melted at 160-170" 


Tsemer; zation of the Diketone XA- 


A mixture of 200 mg of the diketone x A, m.p. 184-185° 6 ml of ecetic acid, 10 ml of ie ekes oil: 
ax 4 tof geen was boiled under reflux for fou hows. The toluene layer was separated, nectzaiized by agita- 
tion with a ¥% solution of caustic potash, and fikered. The soivem was removed under moderately low pressure, 


X D, which were separated mechanically. ‘In this way, 16 mg of 10, {x 


- 


Found 80.0; 19.1: H 9.0; 6.15 


_A mimue of 800 mg of the diketone X A, m.p. 184-185°, 10 ) ml of 3 acetic acid, 15 mI of itieatiheats oid, ie 


at— 70° fsom petroleum ether, yielding 50 mg of the Fetone VI, m.p. 83-86°. Recrystallization from pevoleum 


dsaitephenyihydrazone of VI described above, 


The reduction was performed as ‘in the preceding experiment: ams 300 mg of th the éeanine x “e m.p. p. 154- : 
1s. 20 mg of the ketone V, m. 49515 was obtained. A mixture point with the shove described 
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 sainple this no ‘The melted at and this also gave no 
Gzpression in admixture with the previous sampie, 


Condensation of 3,4,4a,7,8, Ga -Hexah dro-4a- meth 


mixture of 2,5 g of the dienone I and 5.7 of freshly distilled (x1) was heated ina 
carbon dioxide atmosphere in a sealed glass tube at 130° for 11 hows, The cyclopentenonc that had not reacted 
4.1 g) was distilled off at 15 mm, and the residue paitially crystallized out when 5 ml of petroleum ether was added, 
“yielding 0.4 g (11%) of a crystalline mixture of isomeis (XII A and XI! 8) of ‘10-methy! -Vcardosterenc -3, 15-dione, 
m.p. 118-125°. Two recrystallizations of the mixture ether-benzene yielded 100 mg of the 


Brom the mother liquor, after removal of (0. 5 80 mg of crystals, m. 135-159°, 
were separated in the usual way. Two secrystallizations from a mixture of petroleum ether and benzene @: 1) 
20 mg the somes x B, m,p. 156-157°, 


C 19.4; 19,1; H 8.6; 9.0 
Calculatep %: C 19,4; H89 


- Condensation of the dienone I with the cyclopentenone XI at 160° was sccompanie by much resinfication, 
‘and the yield of crystalline products was reduced by a factor of two. 


Condensation of 3,4, 4a. 7,8.8a-Hexahydro- 4a-methyl- -$- -2(1H)-naphthatenone (1) 
witb 3,5-Dimethyl-3-cyclopentene-1,2-dione (XIII) 


A solution of 1.1 g of the dienone I and 0.6 g of the diketone XIII in 3 ml of absolute snails was heated in 
" @ carbon dioxide atmosphere in a sealed glass tube at 100° for six hours. The benzene was removed under reduced 
pressure, and the residue was diluted with 5 ml of ether and set aside to crystallize at—10°. After four days a 
RRP AGL amount of crystals had formed, and these were recrystallized from alcohol, yielding 140 mg of the 
terracyclic triketone XIV in the form of yellow needles, these show eine ‘apace at 108-110", solidify again 
z melt again at 167-168". 


‘The ‘mother liquor was in petroleum ether and on oxide. Elution with 
- “enzene yielded 100 mg of the tetracyclic diketo enol XV inthe form of colorless, well-formed crystals, m.p, 167- 
7: 20e An alcoholic solution of the substance gave a violet color with an aqueous-alcoholic solution of ferric chlorides, 


Found %: C 16.4; 76.6; H 8.3; 8.3 
Calculated %: C4; HBS 


of the Triketone XIV. 


One drop of piperidine was added to a solution of 20 mg of the wanes xv, m.p. 108-110*, in 1 5 al ft 
- @wxane. The solution became clear after 15 minutes’. standing, and 0.5 ml of water was then added, the turbidity 
that appeared being semoved by addition of a drop of alcohol. Colorless crystals soon began to appear, and 60 mg 
of she diketo enol XV, m.p. 167-168, was obteined. A mixture melting rest with the above-described sample gave 
_ . ‘Ro depression. When the condensation of the dienone I with the diketone X7II was carried out at 120°, i was not 
_ found possible to isolate any of the triketone XIV, only the diketo enol xv being obtained, 


Condensation of 3a,4,7, 3,7a-dimethyl- “1. <indanone with Diethyl 


3a,4,7, was prepared the of 1,3-butadiene with 24- 
dimethyl 2-cyclopenten-1-one and had’b.p. 90-92° at 7 mm, n™ 1:4875. Ground sodium ethoxide (11 g, pre- 3 
pared from 3.17 g of sodium) was placed in a three-necked flask fitted with reflux condenser, ‘and dropping funnel, 

flask was filled with and a solution of 19,5 of oxalate in 80 mi of benzene was added. The 
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. 
mixture was heated tn a water bath for 10 minutes, and the sodium ethoxide went completely into solution. The 
solution, which had become dark in. color, was cooled to 20° and was sticred while a solution of 14.6 g of 32,4,7,- 
*adettanydso-G, 72-dimethyl-1-indanone in 40 ml of benzene was added dropwise, Heat was evolved, and the mix- 
_ tufe became Slack. It was set aside for five hours a: 20°, and then ueated with water, The benzene layer was 
1G neutralized Sy ag:tation with dilute hydrocNozic acid, the solvent was andes off, and the residue was vacuumdis- : 
tailed, 11.2 of the condensation prodict, bp. 142-143° at 1 min, nb 4. 5079. 
; C 68.2; 68.3. H 7.6; 7. 
Calewated C 68. 15: H 7.6 
at eliminating carbon moroxde fi from this pr by with ard tron at 180- 
200° were withowt result: the substance was recovered apa:t from some resin‘fication. 
Total syntheses the ard X of the cis-cis series have been condensation 
_ of 3,* 4.7.8, 3a ie phthalesone (1) and 3,4, 4a,5,6,6a-hexahydio -methyl-8- 
4 vinyl-2¢2 Hj-aphchaleacne (0) with (11). From the mixtures of isomers formed (IV 
and X), in each case three isomeric diketones were ucixed, two of which, i.e., these formed in the g-eates< amount, poo 
_ bave teen shower to have “inverted” structures ard to with to the arrangement oa at 
pent and two isomeric steroid dixz tones {XL) have been isolated. 
| 3. Condensation of the hexahydromethy!vizy!-2( 1H) -naphthalesone I 3, 2- 
diore (XGiD y-e2ded the steroid Giketone which very seadily isomerizes into the diketo enol XV. 
Received October % 1952. Instutute of Organic Chemisury 
LITERATURE: CITED 
is Nazaro¥ and LV. Torgov, Acad. Sci. USSR, Div. Chem. Sci., No. 5, $01 (1953).° 
[2] Nazatov, L L Zaretskaya, G. P. and L V. Torgov, Bull. ‘Acad. ScL USSR, Div. 
Chem. Sei. So. 5, 920 (1953). : 
13]. A. Cohen }. Cook and C. Hewert, 3. Cem. Soc., 445 (1895), 
Ww. Bachmana amd A. Dreiding. 3 Ar. Chem. Soc., 72, 1323 (1850). 
BJ LN Nazarov and L v. Toigov, J. Gen. Chem., 22. 228 (1952). 
L Nazarov, L V. Torgev, L Zaretskaya, G. P. Verkholetova, S, Ananchenko, and V. Antrcer, 
Bull. Acad. Sci. USSR, Div. Chem. Sci, No. 1, 78 (1953). 
L x Nezarov Bergelson, LV. Torgov, end S. Ananchenko, Bull. Acad. Sci USSR, Div. Chem. 
and LL Shmoatra Gea. Chem. 20, 676 (1950), 
°°See Consultants Sureau Translation, page 
Consultants Bureau Translation, page 280, 
**°* See Consultams Bureau Translation, page6% 
See Consultants Bureau Translation, page 787%, 


SYNTHESIS AND REACTIONS OF OXYGEN-CONTAINING ORGA NOSILICON COMPOUNDS 
GOMMUNICATIGN 1, SYNTHESIS OF ORGANOSILICON ACETALS 
M. F. Shostakovsky, 1. A. Shikhiev, and D. A. Kochkin — 
Oxygencontaining organosilicon compounds, such as silanols of geneial foimuls - 
a QR = alkyl or aryl), are of great theorctical imerest. There ate great prospects for development in organic chemi- 
_ - stry along the line of the unification of organic and o:ganosilicon syntheses. The authors of this paper have under- 
g 2 taken the task of working cut new syntheses of organosilicon compounds. ; 
: It has been shown by the work of Andrianov [1] and others ) that organosilicon compounds bose: cenais. 
x peculiar properties. kx is well known, for example, that tertiary alcohols are readily ee i) unsaturated 
i - hydrocarbons, whereas wialkylsilanols, on ‘dehydration, give stable siloxane dimers: . $ 
We now describe a new synthesis of oxygen-conta ining organostlicon cuniaidis based cn he weinisn of 
vinyl ethers with silanols. In the course of this work we have established that the reaction of alkyl vinyl ethers 
with trialkylsilanols procecds similarly to the reaction with organic tertiazy alcohols and be 
reps esemed by the 
RsSIOH + Cli, = CHOR —> CHs—CH 
We have studied methods for the of the following accialss 
“Addition of trialkylsilanols to vinyl feisty readily in presence of traces of 30h 
: acid, the procedure being that which has been developed for the synthesis of acetals of oiganic alcohols (3) We pan 
have in this way prepared and characterized two unsymmetrica) acetals: the butyl uiethylsilyl and the isobuty} be 
triethylsily! acetals of acetaldehyde. The structures of the organosilicon acetals were by the Pro- : 


on 
‘ 


— 


EXPERIMENTAL 


cH, = coc, 108 > city - 


“To a mixture of 33g (0. 25 mole} of. (b p 30 n mn; 0. 8652; 


2.4392) and 28 g (0.25 mole) of dutyl vinyl ether (b.p. dF 0.7790; n nH 1 4020).0 02 int of 


hvdrochiorte acid added, and the temperature to 48° After one sour t.c contents of the flask were 


“heated under seflux 1a a water bath at 80-93° for one hour, and they were ther set aside overnight. Or the 


next day rhe se mixture was neusralized, and dried with potassium carbonate The potassium carbonate 


‘was then fiitezed off, and the filurate was distilled at atmospheric presswe, the following fractions being ob-- 


Fraction 1, b.p. up to 213°: 8g 
Fraction iL b.p. 214-216"; 14g; 1. 1258 
Fraction b.p. 217-218°*; 22 "D 4274 
"Residue 4g - 


and II! were united and 32 g of a product boiling at mm; 
yield 55 1% os. the axsourt of butyl vinyl ether taken. This substa:ce had the following constants: avo. 8574; 
1.4273; Mz €9. 49; calculated for CyHySi0, MR 69,85. 


Found %: C 62.49; 62 60. Si Il. 14; 11.88; H 12.20, 12.25 
- Calculated %: C 62.06; $i 12.09; H 12,07 


From the results 5 obtained it follows that the substance of $ -p. 82-83°/9 mm was acetaldehyde butyl 


triethylsilyl acetal, x was a clear oily liquid having an ethereal odor; it aid not change in 


2. Hydrolysis of the Butyl Triethytsily! Acetal 


was estimated in the prod ucts of the hydrolysis of the unsy:nmeirical acetal 


“Sy the bisulfite method ht was found that hydrolysis of the ameza! by treatment with 2% sulfuric acid at 60° 


for 12 hours d:¢ go well, in further work the hydrolyss was Carried out in a boiling water in 


_ The aceca! (5.2213 g) was heated with 50 ml of Ho sulfsic acid ina sited tube a six hours. The 
contents of the tube were then transferred toa 209ml measuring flak and made up to volume with distilled 
wate:. Analys.. b7 te bisulfire method gave 86.39% of acetaldehyde (of the theoretical amount) A parallel 
experiment Sy the same method (0.4391 g of acetal) gave &4 22% of acetaldehyde. Towardy the end of the 
hyd:alysis pocess, an oily layer formed on the surface of the solution; this was evidently one of the hydrolysis 


products. The Sydrolysis :esults show that the substance of b.p. €2<3°/ 9 mm was the buty] triethylsilyl see 
snouid be thar tre described hydrolysis conditions do not yieid quantitative 


Sy nthesis 


3 


of Acetaidehyde Isob uty? Triethyisil 1 


The pathiaaite of the synthesis were similar to those of the qecetion experiment. As mixture of 3g 


(0.25 mole) of trieznyls:lanol and 25 g (0.25 mole) of isobutyl vinyl ether (b.p. 83% nf} 1.3986; a? 0.7680) was 


placed ms 3£6-m! round-bottomed flask fitted with reflux condenser, thermometer, and mechanical stirrer. 


“. The mixture was cocstantly stirred at room tempexature, and 0.62 ml of 30% hydrochloric acid was added, when 
the temperature rcse te 45°. Stirring was continued fr 90 minuces, and the temperature was raised to 84°. The - 
-., Mixture was set aside overnight, and on the neat day it was dried with calcined prtassium carbonate, and dis- 


‘tilled, the frac ttons being obtained: 

Fraction Il, b.p 219-214" 


- 
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of the product of b.p. 15-1677 mm were be 0. 8530; found MR 69, calculated for 


acetal is evidently more stable. than the isobutyl compound. . 


acetals, have been synthesized and described for the firs time. 


Press, Moscow, 1949, 21, 


tt was tefcactionated, and 30 on the amount of tobity! vinyl ether taken) of 
product of b,p, 75-76°/ 7mm, 


. 
. 


must be pointed out that after each distillation there some liquid at the bottom of the flask 
which was not distillable under the conditions indicated: at a higher temperature it decomposed. The constants pee 


these results it will be seen that the product of b. 15-16°/ 1 mm was bora! 
ae acetal. B was a clear oily liquid having an ethereal odor. 


. Inconclusion it must be pointed out t'.at organosilicon acetals are comparatively stable sebstances, The besigas 


SUMMARY 
1. Ithas been shown, for the first tirae, that triethylsilanol condenses with bent vinyl and heobinyt ving 


4 ethers under conditions similar to those in the corresponding syntheses with organic akotols. 


“2 “Two unsymmetrical organosilicon acetals of acetaldehyde, the butyl triethysty! and 


3. The proposed method {s a general one for the preparation of varlows orgavanilicon acetals from alkyl . 
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Shea's: EFFECT OF COMPRESSION ON THE porosity, CATALYTIC PROPERTIES, 
AND CHROMATOGRAPHIC ACTIVITY OF SILICA GEL. 
Kh. Freidiin, Wy Al Vereshchagin, 3. 
Bot v. Numanov, and & Shesnfain. 

: 
As we ba ve previously fl, 2] the of silica ge) influence ws activity 


auselectivity in the vapor-phase hydrolysis of chiozobenzene. When in addition to a large volume of frie 
pores the silica gel has a sufficiently large volume of connective pores through whici, the reactants and products - 
Can be tamported to active centers, it forms a catalys spon whick d:ffustonal setazdation is not dbserved. 
When, on the comrary, the volume of connective poze: is insufficientiy large aid tne internal surface 1s aot 
- geadily accessible, diffurional retardation of the process is to be observed. Bf is natusal to suppose that, if we 
aprly a high pressure to the silica gel, its specific suf ace and poiosity characteristics win alzer, and, at - 
same rine, its and catalytic properties will also alter.- 


EXPERIME NTAL. 


Weriatios in the Porosity Characterist: es of Silica Gels Compressed at Various 
Pressures, 


The samples of silica ere were ikea in copper ampoules, 50 mm in lecgth, 10 mm in external 
diameter, and 9.6 mm in mternal diameter. In o:des to distribue the pressute evenly over the whole of the 
ampoule, the lamer was wrapped in lead foil. Finely ground silica gel was rammed tightly into the ampoule, 


which was thea closed and subj ected to piessure in the multiplier described previously BL, 


. | Structural Characteristics of Samples of Silica Gel sSefore and After Compression 
Various Pressures 


’ Figues 1 and 2 show the sorption isothe:ms faz methanol van on silica gel, before and after compres- 

Pe, sion it will be seen from Table 1 ihat the reduction in the limiting sorptive capacity of the pores resubing 

: from an increase in ane from zero to 5655 a:m was Considerably greater for the sample having the 
la get pores, Fun scinple the futher reduction = capacity duc te in Compression from 5000 
to 39,603 azm was much less, and there was practically no firzher reduction when the compression was increased 

‘to 20,C00 arm. The g:eatest redi. tion for the coarse sample occured, therefore, in the 06-5000 atm range, 

} whezeas -: will be seen that, for finely porous silica gel, the grectest :eduction occuned in the 500040,060 arm 
range. Reduction of the luniting sorptive capacity of the pores by means of compression was therefore effected 
more readily fo: the coarse: silica gel, which had the greatest volume of connective pores. Although the limit- - 
ing sormive capacity of the pores of the coarsely pacous sample was greatly reduced -by increase in compzession 

. from zero to 5000 atm, there was no corresponding change in specific surface; whereas, in the 10,000-20,000 atm 
! tange, in which there was only a small fall in the Lrasing sarptive capacity, there was an appreciable reduction ; 

} in specific surface. Mechanica! action, therefore, leads mainly to the destruction of connective pores, whereas 

thermal actica leads mainly two the destruction of the fine pores [2} : 


Table 1 shows also that, although the limiting saptive capaciry of the pores of the coarsely porous naa : 
was 0.80 ml/g. and that of the finely porous silica gel only 0.34 ml’g, compression at 10,0C0 atm resulted in 
a leveling ou of the limiting sorptive capacities of the two samples, which were reduced to 0,19-0.21 ml/g 
and were not appreciably reduced further when the presswe was raised to 20,000 atm. The Ilmit of compres- - 
_. .sson of the silica gel was evidently already attained at 10,060 atm The sorption isotherm for silica gel com- 
. - pressed at 5000 aim shows considerable hysteresis, ie. a part of the connective pores were preserved (Fig. 2, 
~~ + * Curve 1). On the other hand, the sorption isotherms for the samples compressed at 10,000 and 20,606 atm show 
little hysteresis and are almost coincident (Figs. 1 ard Carve 2). At such pressures, therefore, the 
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t A SLE 1 ; 
Structural *haractersst: of Eight ‘of Gel (hot Comp-essed, and Compessd at Various Pressures) 
Sa:nple of silica gel: Cdarsely porous | Funely porous 
: not at comp:esed at 
+... Jeom- [$000 [1000¢ 20090 $699 10000 [20000 
pres.ed]atm atm _ =! atm arm 
nective pores) (mi/g) 0.8C }6 38 | 0.21 6.19 0s 6.29} 9.19]. 0,19 
Specific surface (sqm’g) .. 350 1350 | 31¢ - 260 680 290 290 
Conditions of the Ca- 
2 talytic Experiments, 
The reaction was carsied 
our in a cont.nuoustlow system. 
4 Water and chlo:obenzese were 
z supplied two automati- 
A ¥ cally segulated buzets [4] and 
_2 2 passed to a quartz flask at 
OV AB WES AB which served asa super~ 


heater, and then from the side 
tube of the flask to the reac- 


Fig. 1. Adso:pt:on isotherms for Fig. z Adsorption isotherms for 


; - tion tube containing the ca- 
methanol vapar on coasely porous mevhanol vapor on coarsely porous 
talyst. The water<chloro- 
s:lica gel: 1} not compressed, sii:ca gel: 1) compesied at 5000 
2) compressed at 16,000 atm. atin, 2) compressed at 20,600 atm 


unity in all experimeats. The 
volume of catalyst was 19 ml Each expe:iment lasted 20 mtnizes, amd in the course of rhis time 4 ml of chloro- 
benzene ard 5 mi of wate: were passed. All the silica gel samples promoted by cupric chloride 
Regerezation of tre catalyst was effected by atwo-hour treatment with ais at 509%, following experimems at 

300, 550, and 650°. reaction Products were analyzed for phenol and tydrochloric acid. 


Comparative act‘vaty. Produce! vity, and Specificity of Samp! es of Sillea Get Com- 
pres sed at Yar:ous Pressures 


At will be seen fom F:gures 3 ard 4 that the per crit i.e. the of coarsely 
Porous get depends on the zeaction temperature and on the pressure at which the slic a gel was compressed. 
The prod uctivity of the sample compzessed at 5000 atm was higher than that of the uncompressed sample at 

all temperatures from 400° to 550°. “The productiviry of the sample compressed at 10,060 atm was about equal 
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Fig Hydrolysis of chlo:obenzene: in presence of samples of coacsely porous silica gel (not compressed, ‘and 
compressed at vain pressures): 1) noe’ compcessed a atm; at. 10,000 
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to, ard the one compressed at 20,090 atm somewhat lower than, the original uncompressed semple. The specific 
é&e volume of the silica gel was reduced by 8 factor of about 1,5 by compression at 20,000 atm, so that its ee: 
 getivicy (i. ectivity per unit welght) was lower than that of the uncompressed material, 


For the finely porous silica gel, the rise in productivity dus to compression at 500 atm was less, ont the fa ‘ss 4 
in specific activity was still greater than befose (Figs. 5 and 6). The effect of compression st 20, ae atm was pare” 


The selectivity of samples at §900 atm .. 
was very little different from that of the uncompressed sam- 
ples, and the selectivity of samples compressed at 10,000 
and 20,000 atm was lower than that of the uncompressed _ 
_* gamplte (Fig:.7 and 8). The greater the compression em- 
--, ployed, the lower the temperature at which side processes 
a made their appearance. The higher the temperature, the 
greater the importance assumed by the side processes on 


the compressed samples of silica gel and the higher the ~ ? a 
of acid as compared with that of phenol. a 
The results are completely in agreement with the 
changes in density and porosity characteristics occurring. a 
during compression. On the one hand, increase in presse 
-- results in an increase in the density of the sample, and for Fig. 4. Yield of phenol in presence of samples 4 
_ this reason the productivity of a sample compressed at 5000 coarsely porous silica gel (nc compressed, 
atm is greater than that of the origins] sample, On the other and compressed at various pressures). .- a . 
hend, the higher tke pressure under which the silica gel fs 
compressed, the more inaccessible does its active surface be- 
come, the mare rapidly does it become carbonized, and the more prominent do the side geactsees Sues, For. 
this reason, the prod-ctivity of a sample compressed at 20,000 atm is less than that of the ucompressed sample. 
Productivity and of int of Silica Gel $-1 
Notcompressed _- Compressed 

Tempera- Yield (h) Tempera- HC? 
ture (°C) CHOH | HCl | CH OH (C) CH OH _ HC 

600 . | 366 42.9 


: Ground silica gel was fractionated by passage through sieyes, and the 100/200 mesh per sq. in. fraction was 
separated and dried at 150° for 5-6 hours. The silica gel prepared in this way was rammed tightly into a glass tube, 
' diameter 10 mm and length 500 mm, which was fitted with 3 jacket (thermostat). A mbause of benzene (10% by att ; 
_\wolume) and heptane (90% by volume) of refractive index n™ 1.3980 was prepared, and 20 ml of it was passed 
_ through the silica gel column at a rate of about 0.8 ml per minute. The liquid passing through was collected ins 
. Beceiver, and it was temed periodically for benzene by the formolite reaction. An orange coloration indicated that 
‘bennepe was beginning to pass and the sorbent was completely salwated. 


q 


The chsomatogrsphic activity a (ml/g) wae calculated by the formula a where b is the 
zene content & by vol.) of the original mixture; c is the amount (ml) of pure heptane separated in the chromato- _ 


is the content by vol.) of the mixture; and mis the (g) of silica 
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“Big of étlorabenzene presence of amples of finely porous silica gel (not com- 
_ pressed at various presses): i) compessed;.10 at 5000 atm: GD compressed at 10, 600 atm; . 


we vw s 


a! 


‘ * yield of phenc! in presence of samples of finely 7. The ratio of the yields of HCl an CHOH 

porous silica ge! (not com essed, and cogent at vari-* in presence of samples of coarsely porous silica gel 
ous pressures) (not compressed, and compressed at vazious pressures) 


~ 


of Rate of 


drops of 
tac 
pue effluxof liquid un- 


‘temp. of 
Time water jac- 


(min, (°C) taneoS- ,heptane  .. 
2 - / . 
formaldehyde. 


Total “Mean "Mean ‘Total ‘Fig. 8. The ratio of the yields of HCI and 


ie, 3 ml ‘ot liquid, were tested & positive reaction with formaldehyde were obtained. Al- 
“together, therefore, 8. 7 mI of pure heprane was separated chromatographically: the chromatogzaphic activity of the 
‘ uncompressed sample of silica gel was 9.7 ml/g (Tables 3 and 4). The chromatographic activity of silica ge] com- wae 3 e 
pressed at 20,000 atm was 7.3 ml/g, i.e., was abou 25 less than its activity in the uacompressed state. No doubt . ‘. oe 
the explanation of this behavior is that te compression seen alters the porosity characteristics and specific suz- 

face of the sikce gel. ae : 
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Chromatogra pic of Silica Gel at 20,000 atm (11.7 


~ Rate of efflux No, of drops of liquid 
Temp. of water Vol, of pure hep- ” 
_ Time (min) (°C) tane obtained | . Of 


2.0 
4.0 
6.0 
1. 


“4. An investigation has made of the of piessures sof up to 29, am Of character 
inics, adsorption activity, and catalytic properties of slicageh 


has been shown that the greatest reduction (by 50%) in the sorprive capac ity of the pores 
of the capacities of the micro and connective pores of the coarsely porous silica gel) occurs dwing compression to 
- §000 arm, but ro simultaneous change in specific surface occuzs. The gzeatest reduction in the limiting sorpiive 
capacity of the pores of the finely porous silica gel occurs over the range 5000-10,000 atm, The reduction in the ; 
* limiting sorptive capacity of the pores is therefore attained by a lower compression fox the coarsely pozous silica — ea 
gel, The explanatioa of this {s that the coarsely porous silica gel, unlike the finely pozous material, has a greater rae 
oe .! volume of connective pores, Mechanical action, therefcre, primarily destroys the connective poses, whereas ther- 
mal action destroys the fine pores. In general, the limiting sorprive capacity of the coarsely porous silica gel com- 
pressed at 5000-10,000 atm does not differ from that of the finely porous material, iLe., the ccarsely porous mater- 
ial is converted by presswe into finely porous matesial, When the compression is further increased to 20,000 atm, 
the limiting so:ptive capacity of tke pores of the samples of fineiy ard coarsely poroas silica ws remains practical- 
ly the same as that of the samples compressed at 19,000 atm, — ; : 


3. Compre-zion ar 20,000 atm results in reduction of the specific esiees of coarsely porous silica aia from 
* 350 to 260 sq.im/g, end that the porous silica from 689 u w 290 Le., = 26% and 5h, 
_ tively. 


4. The productivity of samples at 5900 atm is and of at 20, 000 arm 
- Jowe:, than that of the usc sampie.. The gate! ihe Coinpsestion, the lower the specific activity. 


5. The selectivity of samples coirpressed at 5000 atm differs litle from that of the incompressed sample, but 
samples comessed at highcr pressures have greatly reduced selecuvity. It is possible that samples that have been 
sudjected to higher compression, Le., have a more porous structure, more readily sinter together, 


6. It has been shown the activity of silica compressed et 20, 050 arm is about 
less than that of the uncompressed 
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